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three-dimensional 
microscopy of remarkable 
clarity and depth 


STEREOSCOPIC 


microscopes 


Leitz STEREOSCOPIC Microscopes provide a truly 
three-dimensional image of unsurpassed clarity 
and brilliance for examinations in the industrial 
and scientific laboratory. These microscopes are 
engineered to give precision performance—for 
assembly work on small parts, in quality control, 
and for examinations in geology, mineralogy 
and biology. 


¢ Wide field of view 

¢ Polarized, transmitted or incident light 
Inclined eyepieces for comfort 
Dual controls 
Interpupillary adjustment 
Magnification ranges from 16 to 216X 
Superior image quality through unique prism 
arrangement 


. Leitz STEREOSCOPIC Binocular Microscope 
. Leitz Stereo Binocular Plate Culture Microscope 
. Leitz Binocular Prism Magnifier on Pillar Stand 


EUNZ, IN. =0tti(“(‘“ “‘; 3O”*é‘<t:S:*” 7 


SCHMIDT & HAENSCH DIVISION 

468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Please send me additional information on the 
[_] STEREOSCOPIC Microscope 

L_] Plate Culture Microscope 

(_] Prism Magnifier on Pillar Stand 
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E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Distributors of the world-famous preoegducts er 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS: LENSES: PROJECTORS -. MICROSCOPES : BINOCULARS 
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NEW MODEL 137-6 
INFRACORD- 


THE FIRST LOW-COST GRATING SPECTROPHOTOMETER 





Provides high resolution in important wavelength region 


Spectroscopists seeking precise information in the near- 
infrared and adjacent infrared regions now have a new, 
low-cost instrument to measure absorption in this wave- 
length range: Perkin-Elmer’s Model 137-G Infracord Grat- 
ing Spectrophotometer. 

This instrument uses two gratings, each in the first order, 
to cover the wavelength range from .83 to 7.5 microns. 
Higher orders are eliminated by appropriate filters inserted 
automatically in the beam when required. One grating 
covers the range from .83 to 2.55u; the other, 2.45 to 7.5z. 
Each range is recorded on an 812"x11” standard chart. 

The two-speed wavelength drive permits a 24-minute 
scan for quantitative analyses and an 8-minute scan for 
survey work. Spectral data are presented linear in transmit- 
tance and wavelength. 

The high resolution (4cm™) and 124% peak-to-peak 
noise level of the Model 137-G enable the spectroscopist to: 
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@ correlate absorption in the carbonyl and the C-H stretching 
regions with structural features of molecules; 

@ make quantitative analyses more accurately because of free-' 
dom from band overlap; 

@ use the mass of analytical data in the near-infrared, involving 
overtones of hydrogenic (CH, NH, OH) stretching, and com- 
binations with other modes of molecular vibrations; 

e make more accurate wavelength assignments, and study 
solvent effects on group frequencies. 

The instrument offers wide application for accurate meas- 

urement of spectral transmission, specular reflectance and 

wavelength cutoff values of a wide variety of filters and 
other optical components. This is especially important in 
the military infrared field. 

For further information, including performance data, 
write Perkin-Elmer Corporation, 910 Main Avenue, Nor- 
walk, Connecticut. 
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Research and 


HEALTH PHYSICS 


For many years, T/A has led 
in the development of per- 
sonnel monitors for the auto- 
matic detection and measure- 
ment of radiation contamin- 
ation. T/A portable survey 
meters are the most widely 
used radiation survey meters 
in the world. 


@ Juno Survey Meter 

®@ Cutie Pie Survey Meter 

® Beta-Gamma Hand 
and Shoe Monitors 

® Portal Monitor 

® Alpha Hand Monitors 

® Laundry Monitor 











MODEL PPM-8 
PORTAL MONITOR 


| MODEL HSM-10 
BETA-GAMMA 

HAND AND 

SHOE MONITOR 





MODEL CP-3 
CUTIE PIE 





LS-7 MULTI-PURPOSE 
LEAD SHIELD 


LEAD SHIELDS 


T/A specializes in the design and manufacture 

of lead shields and has developed over 30 commercial 
versions. Let us help you with your 

lead shield requirements |! 


® Vertical and Horizontal 
Lead Shields 
@ Multi-Purpose GM and 
Scintillation-Type Shields 
®@ Well-Counting Lead Shields 
LS-6 VERTICAL © aul 
LEAD SHIELD —— 


Instruments and Systems for Nuclear 





Radiation Measurements 


COUNTING & ANALYTICAL SYSTEMS 


MODEL GTS-6 SCALER 
shown with Model RHV-3 
5000 Volt Power Supply 


High speed decade scaler 
has pulse resolution better 
than 1 microsecond. Mod- 
el RHV-3 H.V. Supply is 
used for Geiger and pro- 
portional counting. 








SPECTROMETRY SYSTEMS 


The T/A Gamma Ray Spectrometry 
Systems feature gated beam circuits 
for exceptional stability, and offer 
all possible combinations of analy- 
tical, counting, and recording com- 
ponents to give the nuclear scientist 
optimum flexibility and versatility. 
(Polaris System illus.) 


























LOW LEVEL BETA SYSTEM 

Combines lead, steel, and mer- 
cury shielding and Amperex® 
Cosmic Ray Guard Tube to re- 


duce background to less than LLB-40 
1 count per minute. Includes — 


T/A’s specially designed anti- 
coincidence scaler, 


SCINTILLATION DETECTORS 
T/A offers an extremely versatile line of 
scintillation detectors and accessories for 
research, medical, and industrial application. 


® Standard and Premium 
Resolution Type Detectors 

® Solid and Well-Type Crystals 

® Proportional and Cathode- 
Follower Preamplifiers 

® Nose Shields and Collimators 


MODEL 
SD-12W we a 

















GAS FLOW 
SAMPLE CHANGER 


The T/A Model MSC-1 is 
a completely integrated 
detecting system, with 
gas flow & flush control 
and positive flow meter. 





Now! Automation for 
the Nuclear Laboratory! 


NEW T/A AUTOMATIC 
SAMPLE CHANGER 


@ Counts 200 Samples! 
@ Provides full information 














on EVERY SAMPLE! 
MODEL ASC-3 








140 WEST PR¢ 
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Division of B-D Laboratories, Inc. 


5500 WEST 83RD STREET 


LOS ANGELES 45, CALIFORNIA 
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FALCON PLASTICS 
5504 West 83rd St. 
Los Angeles 45, Calif. 


Please send copy of new FALCON CATALOG “G” without charg 


Name 





Type or Print 
Affiliation 
Address. 








Street 
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When sterility is a packaging factor... 


. .. that’s when you can count on help from CES, withstand pressure fluctuation, color retention and 
the Castle Engineered Sterilization program. At clarity in packaging may be a real help to you. 

your disposal are the results of a three-year study Right now we’re doing research for some of the 
of the many packaging films, papers and lamina- country’s biggest producers of sterile-packaged 
tions suitable for use with the Castle Sterox-O- products. By many we’re recognized as the leading 
Matic ethylene oxide process. Our analyses of authority on sterile packaging. Be that as it may, 
factors such as gas and water absorption, ability to we'd like to put our resources to work for you, too. 


WRITE today for literature. There’s no obligation 
for initial CES research and planning. 


LIGHTS AND STERILIZERS 


hears ; WILMOT CASTLE CO., 1713-11 E. HENRIETTA RD., ROCHESTER 18, N.Y. 
CES research leads the ever-widening search 
for better sterilizable packaging materials. 


1038 SCIENCE, VOL. 132 











_ Acetylene at 13.7 microns, | 
equivalent to 0.008 ppmat | 


\~ 25ascale expansion and 10 ~° 


+- atmospheres cell pressure. —10 
be oped eee 


13 14 1s 16 


Checkout f or survival. The purity of vital oxygen supplies for breathing systems of high altitude 
aircraft is assured by Beckman IR spectrophotometers. On duty in hundreds of military laboratories and 


quality control centers, Beckman Models IR-4 and IR-7 possess the extreme sensitivity required to detect 
dangerous trace contaminants...nauseous acetylene and other hydrocarbons. Double-monochromator 
design increases dispersion and useful energy...scale expansion allows up to a 25-times increase in sensi- 
tivity...routinely maintaining specifications of .05 ppm acetylene in oxygen, as illustrated by the curve 
shown above. &% Key to this precision is an externally adjustable multi-path gas cell, with seven beam 
path lengths from 0.1 to 10 meters. To expedite analyses of extremely low concentrations it can be 
pressurized to 10 atmospheres. % Dependability, accuracy and versatility of Beckman spectropho- 
tometers with the 10-meter cell...including the low-cost Model IR-5...are proved by their successful 
application in one or more phases of the following critical determinations: Monitoring liquid oxygen 
at missile sites...direct analysis of air pollutants.. .industrial analyses of combustion gases... control- 
ling super-charged furnaces in primary metals production. % For complete technical details and spe- 
cific application information write us for Data File 38-43-02. Beckm an 

Scientific and Process / Instruments Division 


Beckman Instruments, Inc. S519 
2500 Fullerton Road, Fullerton, California 
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With L&N Convenience-Styled Instruments 


FOR PRECISE 
MEASUREMENTS OF 
TEMPERATURES & MILLIVOLTS 


The use of this three-dial 
8686 Portable Potentiometer is 
rapidly spreading in research 
laboratories. It features a cen- 
tral reading window . . . where 
measured values appear as a 
row of digits plus a scale value 
. .. for rapid reading of test 
results. This instrument has 
a wide operating range of —10.1 to +100.1 mv and an 
accuracy of +(0.05% of reading +3yv) without reference 
junction compensation; +(0.05% of reading +6yv) with 
ref. jct. comp. Write for Data Sheet E-33(1a). 





TO DETECT MICROVOLTS 
WITH HIGH SENSITIVITY 


Used in research and testing 
applications as a null detector 
for guarded or unguarded po- 
tentiometers or bridges, this 
9834 Detector has a period of 
less than two seconds for 
source resistance up to 1000 
ohms, increasing to four sec- 
onds at 100,000 ohms. This 
portable, line-operated instrument has four degrees of sen- 
sitivity with a basic sensitivity of 0.2 uwv/mm (0.3 uv/scale 
division) and a noise level of less than +0.1 uv. Write for 
Data Sheet ED7(2). 








TO OBTAIN DRIFT-FREE 
MEASUREMENTS OF 
pH AND REDOX 


Only one initial calibration 
setting is required on the L&N 
Stabilized pH Indicator. Syn- 
chronous conversion of d-c in- 
put with amplification elimi- 
nates zero-drift. An electronic 
converter provides d-c feed- 
back to stabilize gain. Ranges 
are 0 to 14 pH, in 0.1 pH divi- 
sions, and for measuring redox potentials, 0 to + 700 mv 
and + 1400 mv—both in 10 mv divisions. Write for Data 
Sheet E-96(2). 





TO MAKE CONTINUOUS 
; CONDUCTIVITY MEASUREMENTS 
Sea | “\ON-LOCATION”’ 


This continuous indicating 
Conductivity Monitor is com- 
petely transistorized. It is 
provided with a linear scale 
calibrated 0 to 100 micromhos/ 
cm (scale reading is multi- 
plied by cell constant). Light- 
weight, the Monitor is ex- 
tremely convenient for check- 
ing in the laboratory or on the process line. Exceptional 
design permits automatic or manual compensation . 
provides d-c output signal for recorder or other data-logging 
equipment. Write for Data Sheet E-95(3). 
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Make Important Measurements Faster...More Precisely 


With L&N Automated Equipment 


TO RECORD 
TEMPERATURE & MILLIVOLTS 
MEASUREMENTS 


These compact, low-cost 
Speedomax® H Recorders are 
widely used in laboratories for 
measuring temperatures, milli- 
volts, pH, gas chromatogra- 
phy, etc. With interchange- 
able ranges—50 for tempera- 
ture and six for millivolt (0 to 
1, 0 to 5, 0 to 10 mv, etc.) — 
these instruments will record practically any variables 
encountered in research work with a limit of error of +0.3% 
of span. Write for Data Sheet ND46-51(100). 





TO MAKE 
FAST, ACCURATE 
POLAROGRAPHIC ANALYSES 


For analyzing metals, organ- 
ics or biochemicals in solution, 
the combination of the L&N 
Electro-Chemograph® and 
Polarotron® is unmatched in 
accuracy and speed. The Elec- 
tro-Chemograph provides: 
fast determination — one-sec- 
ond recorder balancing time 
for full scale travel; minimum error—polarizing accuracy 
to 4 mv. The Polarotron facilitates time-saving operation; 
stable (reference) half-cell comes prepared for immediate 
use. Write for Data Sheet E-97(1). 


TO RECORD TEMPERATURES 
WITH AN ACCURACY 
OF +0.01 C 


Invaluable in advanced re- 
search laboratoiies, this High 
Precision Speedomax G Re- 
corder is used with L&N Re- 
sistance Thermometers for a 
variety of temperature meas- 
urements over a range of —190 
to +500 C with an accuracy of 
+0.01 C. An “automatic Muel- 
ler Bridge,” this recorder is used in cryoscopic determina- 
tions of purity, in measuring boiling ranges of liquids and in 
general calorimetry, etc. Write for Data Sheet E-ND46(7). 





These are only a few of the modern, 
precise instruments that L&N provides 
for today’s exacting research require- 
ments. For further details, write to Leeds 
& Northrup Co., 4926 Stenton Ave., 
Philadelphia 44, Pa. 


EDS NORTHRUP 


instruments automatic controls «¢ furnaces 


“Pioneers in Precision” 
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New Bronwill 
WARBURG 
APPARATUS 


Every design feature is for space 
economy and efficient, time-saving © 
use. 320° rotation brings any of 14 

fo foe} o)(-mer-Jo)iit-1a munr-lalelan-1¢-16-8 ele] ma celal 
for quick reading. Also—new 

lagless electrode heating. Special 

UVL model for photosynthesis. 








the New Bronwill 
UNITA I 


INFUSION 
APPARATUS 


Now. .. 39 infusion rates with 50 
and 5 ml syringes. Plus simultaneous 
use of as many as 6 syringes! . 

Other features include new rate 
reading window, preset cut-off, pilot 
lamp end-of-run signal and 

new back pressure protection. 


NEW UNITA Il 


... provides continuous infusion 
with simultaneous operation of 

two syringes in reciprocating filling 
relate mel itelat-1e-4-8-101de]a 


\ N l | CORPORATION 
1 and Subsidiaries Specialists in 


: Scientific Suppl 
@ ROCHESTER 3, N. Y. @ NEW YORK 52, N. Y. @ BUFFALO 5, N. Y. : fi 1 y 
@ ATLANTA 1, GA @ BALTIMORE 24, MD. @ SO. CHARLESTON 3, W. VA 
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31 types of sealers ... alpha, beta, gamma, «-ray, and neutron detectors, 
scintillation counters and flow counters ... are available from RIDL.. . 
along with a full line of associated amplifiers and preamps. Electronic 
sweeps and all types of spectrometers are custom assembled from standard 
components. RIDL also manufactures a pulse generator for general nuclear 
laboratory use, count rate meters and a variety of high voltage supplies. 
The line of radiation instruments is made complete by several single channel 
analyzers and both two and four-channel coincidence/anti-coincidence 
analyzers. 


For full listing of radiation instruments manufactured by RIDL, write for General 
Catalog 61. Whatever your instrumentation problems, RIDL has the solution. 
Our staff is always available to answer your inquiries. From plus height ana- 
lyzers to radiation laboratory accessories, for quick delivery write to RIDL today. 





ALSO: 
@ End-Window Counters 
® Gas Fiow Counters 
® Alpha, Beta, Gamma, X-Ray 
Slow and Fast Neutron 


@ Sample Changers 

@ Radiation Monitors 
@ Printers—Recorders 
@ 31 types of Scalers 


Model 35-1 
Count Rate Meter 


Model 50-1 
Spectrometer 


Scintillators 
@ Preamplifiers—all types 
@ X-Ray Proportional Counters 
® Single Channel Pulse 
Height Analyzers 
®@ Plug-in Counting Units 
Decade and Binary 


®@ Electronic Timers 

® Shields—Collimators 

®@ Registers—Timers 

@ Sample Preparation 
Equipment 

® Dosimeters—Sources 

® Phototubes 


) dation a evel cS ) 
Kitata Juste eve opment aboratory, a FCs 


61 EAST NORTH AVENUE * NORTHLAKE, 
MUrray 1-2323 © Cable Addréss 


PHONE 


ILLINOIS 
RADILAB 
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PARTICLE SIZE ANALYZER 


After Endter 


An entirely new method of analyzing and 
counting particles according to their size 


By means of an ingenious diaphragm which 
activates 48 different counters, the instru- 
ment, using enlarged photographs of the par- 
ticles, permits the measuring and counting 
of approximately 1,000 particles in less than 
15 minutes. 

Particularly valuable for analyzing photo- 
graphs of particles taken with the Electron 
Microscope. 

The instrument is approximately the size 
and weight of a typewriter. Moderately priced. 


Write for literature 


which gives 





complete details 





COMPLETE 


QAP £, ZEST. =D, MPV ZL, 1ce Faciuties 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 
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chromatogram scanning of tritium 
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The VANGUARD MODEL 800 AUTOSCANNER leads the way to better 
analysis. Designed for maximum tritium sensitivity and employing the most 
advanced circuit techniques, the AUTOSCANNER offers the investigator unparal- 


leled performance and reliability, while exhibiting truly remarkable efficiency for 
all beta emitting isotopes. 


the Model 800 
Autoscanner 


a we Mower 
oh excellewer 


Advanced features of the AUTOSCANNER include: 


Completely automatic operation frees personnel for other duties, Power and gas 
flow are automatically shut-off after scanning period. When scanning connected 


multiple strips, individual strip length is monitored and permanently recorded on 
the chart paper. 


Specially designed dual scanning heads represent a major achievement in sensi- 
tivity for low energy radiation detection. 


Completely transistorized circuitry incorporating plug-in modular construction 
eliminates all maintenance problems. 


Further information and specifications may be obtained by writing to: 


Vanguard Instrument Company 
Department A 

P.O. Box 244 

LaGrange, Illinois 


INSTRUMENT COMPANY 
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No longer is it necessary to expend valuable man- 
hours on tedious, point-by-point potentiometric titra- 
tions. Here is a single instrument that both performs 
and records variable and constant pH titrations — all 
automatically! 


Speeds time-consuming measurements to free chem- 
ists for more productive efforts. And it’s accurate to 
£0.02 pH units or £1.2 millivolts. 

CAPABILITIES 


x Automatic recording pH stat for reaction rate studies 

* Records variation in pH or EMF as a function of 
titrant added 

* Titrates to any pre-set end point 

* Records first and second derivative titration curve 

*x Performs automatic titrations in aqueous or 
non-aqueous media: Acid-base reactions — Oxidation- 
reduction reactions — Precipitation reactions — 
Complex-ion reactions 

* Automatic process control, lab or industry 


FEATURES 


* Internal calibrator to check titrator’s response 

* Titrant addition rate adjusts automatically as 
end-point approaches 

* Variable titrant delivery rate and chart speed 

* Automatic cutoff for unattended operation 

x Interchangeable burets for micro and macro titrations 

* With plug-in differentiator, pH or EMF is displayed on 
meter as recorder plots first or second derivative curve 

*x Adjustable recorder span; maximum sensitivity 
2 pH or 120 mv full scale 


records 

of typical 
functions — 
by model 
AT-2A 


TITRANT VOLUME 
TIME 


ROTATING CYLIN 


SCIENTIFIC INSTRUMENTS MODEL RV-2 


x Coaxial rotating cylinders 
distribute shear rate evenly 

* Convenient sample changing 

x Electrostatic restoring torque 
eliminates torsion wire and 
mechanical spring problems 

«x Rapid, simple changing of 
shear rates 





POLARAD 


SCIENTIFIC INSTRUMENTS 


A Division of Polarad Electronics Corporation 
43-20 34th Street, Long Island City 1, N. Y. 


— — oes ee ee es ee ee — ey se ee ee ee ee ee ee ee ee ee es ee ee ee ee ee ee ee ee ee ee ee ee ee ee oe tees 
al 


©P-E.C. 


7 


AUTOMATIC RECORDING TITRATOR 


SCIENTIFIC INSTRUMENTS MODEL AT-2A 
now — RECORD all potentiometric titrations AUTOMATICALLY! 





pH TITRANT VOLUME GpH/av 
Typical Variable pH Titration Typical Constant pH Titration Typical First Derivative Titration Typical Precipitation Titration 
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New chart paper available 
for greater reading accuracy. 





TITRANT VOLUME 
TITRANT VOLUME 





ER VISCOMETER 


for true intrinsic viscosity measurements at extremely low shear rates... 


Here is a Couette viscometer so sensitive, it 
measures viscosity on the plateau approach- 
ing zero shear rate, virtually eliminating the 
need to extrapolate to zero. 


MAIL THIS CARD FOR MORE INFORMATION... 


| SCIENTIFIC INSTRUMENTS 
Please send me specifications and data on: 

(0 Model AT-2A Automatic Recording Titrator 

0 Model RV-2 Rotating Cylinder Viscometer 


S-10 


My application is 








Name. Title. Dept 





Company. 





Address. 





City. Zone. State. 
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SARGENT 





Laboratory Recorders 








Designed and Manufactured by E. H. Sargent & Co. 
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Designed For 
Your Specific 
Laboratory Needs 


The Model “MR” Recorder 


Here is the ultimate in re- 
corders designed exclusively 
for almost all measure- 
ments commonly made in 
the chemical laboratory. 
This instrument measures 
current and voltage and all 
other quantities which can 
be transposed into potential 
or current signals. 

The Model “MR” fea- 
tures: 31 Potentiometric 
Ranges; 9 Chart Speeds, or 
27 Chart Speeds with the 
Sargent Multi-range At- 
tachment; and it is designed 
for laboratory bench oper- 
ation. 


$-72150 Sargent Recorder 
(Pat. No. 2,931,964). ... $1725.00 
$-72151 Sargent Recorder 
with Multi-Range Attachment, 27 
Chart Speeds....... $1775.00 


For complete specifications 
write for Bulletin R 


The Model “SR” Recorder 


Sargent offers the Model SR 
to fill the need for a low 
cost recorder that features: 
maximum accuracy at a 
minimum cost; 250 mm 
width chart; fast balancing 


. speed of 1 second; high sen- 


sitivity, high gain amplifier; 
and square cornering at 
10,000 to 50,000 ohms input. 
This instrument provides 
the minimum required 
flexibility at the lowest pos- 
sible cost. 


$-72180 Sargent Recorder 
(Pat. No. 2,931,964)..... $675.00 


For complete specifications 
write for Bulletin SR-A 


j SAI : G E N i SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E.H. SARGENT & CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH.* DALLAS 35, TEXAS ¢ BIRMINGHAM 4, ALA. « SPRINGFIELD, N.J. 


SCIENCE, VOL. 132 











En 





DYNAMITRON ELECTRON ACCELERATOR... 
featuring high power (up to 30 KW) 
and industrial reliability. 


DYNAMITRON POSITIVE ION ACCELERATOR .. 


featuring wide voltage range (up to 3 MEV), 
constant potential and the high 
current Dynamag ion source. 


DYNAMITRON ACCELERATORS... 
have won international acceptance in 
research and industrial applications. 


For detailed information 
Write Dept. S-1 
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- RADIATION DYNAMICS, INC. 








is the logical sourcsof 





Why 






TEACHERS’ CHOICE 


International’s Micro Model 
uniquely combines high efficiency 
with low cost for micro and 
semi-micro analyses. It’s the 
preferred tool for teaching 
centrifuging techniques in many 
colleges, universities and 
scientific laboratories. 








FASTER MICRO-TESTING 


International’s Model MB 
is first choice for 
implementing the 
micro-capillary method of 
blood cell volume testing. 
With this “Quiet Test” cen- 
trifuge , samples spun at 
11,500 RPM, are ready for 
accurate reading in 3 or 


4 minutes. 
BENCH SIZE LEADER 


Internatienal’s Clinical Model 
has long been recognized as 
the most versatile centrifuge 
in the bench-size class. It 
swings more than 25 accessory 
combinations at speeds up to 
6700 RPM. 
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TWO _IN ONE! 


International's Model CS 
Combines CM economy and 
SB speed and versatility 
in one all-new cabinetized 
centrifuge. Delivers up to 





4,730 x G for routine 

work: up to 37,950 x G 
with multi-speed attachment. 
Swings horizontal, angle 
and basket heads. 
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treof your next laboratory centrifuge 


oe YOU’RE SURE OF SATISFACTION 
MOST VERSATHE WHEN YOU CHOOSE INTERNATIONAL! 


Ynternational’s Model UV 

‘is the one model that meets 

all general-purpose laboratory 
demands. No other centrifuge 
‘in the world today offers a 
omparable combination of 
modern design, rugged 
dependability, wide-range 
‘versatility, most-wanted 
Meatures ... at sucha 

'moderate price. 














EXPLOSION-PROOF 


International’s Model EXD, 





All eight laboratory centrifuges 
displayed here bear the 
trademark...the International 
symbol of optimum value. No 
other single manufacturer offers 
all eight. Yet, these trusted 
friends of thousands of labora- 
tory directors and technicians 
are only the highlights of the 
world’s most diversified family 
of fine centrifuges. 


During 59 years of concentrated 
and progressive research on lab- 
oratory centrifuges, Interna- 
tional has developed more 
models, more accessories, more 











Association. It combines special tooling than all other 


large capacity, high-speed sources combined. 
and exceptional durability. WIDE-RANGE REFRIGERATED 
International’s Model PR-2 This specialized pool of knowl- 
HIGH SPEED REFRIGERATED gives positive temperature edge and resources is available 








a control within 1°C to blood to you through an Interna- 
International’s Model HR-1 . . as y g 
is the centrifuge of choice fractionations and anne) tional-trained representative of 
hich. pale separations between — 20°C . F 
for high-speed angle d +10°C. T your authorized International 
separation at forces up to and + 10°C. Twenty- : 
40,000 x G and controlled eight interchangeable dealer. Whether your centri- 


temperatures between heads for capacities fuging problems are many or 

hea pon Saati ag new eae 7ml nore 4 liters . few, his unbiased advice can 
eliflow continuous flow rovide versatilit : 

int. in addition to the caaaatiteld ta a help you select the versatile or 

four high-speed angie refrigerated special-purpose International 

heads, _ the HR-1 centrifuge class. Centrifuge that fits your needs 

at lowest practical cost. 





unmatc 


ed versatility. 


for use in Class I, Group D 
hazardous locations, is the 
only explosion-proof 
centrifuge listed by 
Underwriters’ Laboratories 
and the Canadian Standards 


Before you choose your next 
laboratory centrifuge, get all 
the facts from your nearby ~ 
International dealer or write: 







re: RNATIONAL (EC) EQUIPMENT CoO. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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TITRIGRAPH 


For recording Titration Curves 
For Use as a Recording pH Stat 


senate 


nént) © j.| tll 
ee eee 


+— 


sBUl 
SBR2 TTT-1 SYRINGE BURETTE 
RECORDER AUTOMATIC TITRATOR UNIT 


| 


Hl 


| I} || 
ELLLILLLLTLL HEN UN 
TY “UTA 


~<a 


The new Radiometer Titrigraph has a wide field of application { 
in pH and buffering studies, and in enzymatic and protein \] 
investigations or any other studies requiring maintenance of N 
constant pH in reaction solutions. ~ SO] 

The TTT-1 Automatic Titrator is noted for its stability and { ll 
flexibility in the performance of automatic titrations, and as a ( | anee 
precise pH meter. Combined with the new SBR2 Recorder and the 
SBU1 Syringe Burette units, it can automatically draw and record 4 | 


titration curves, or-act as a pH stat to record titrant consumption as 


a function of time under conditions of constant pH. “ih VTL 
As a Titrigraph, the Recorder is unique in adapting itself to q r 
' 


the slope of the titration curve and closely controlling titrant flow 
where the curve becomes steep. As a pH stat, remarkable stability 
permits studies of up to several days’ duration with a wide 


\ 
choice of chart speeds and burette delivery rates. NH INI TTT 
A precise and versatile instrument designed and produced { \ 
in the Radiometer tradition. q H lf mall 
Write for descriptive literature and complete specifications — 


you will find prices most attractive. 


SOLD AND SERVICED IN U.S.A. BY 


WELWYN INTERNATIONAL INC. =r) RADIOMETER 


72 Emdrupvej COPENHAGEN, DENMARK 
'n Canada: Contact any Branch of Canadian Laboratory Supplies Limited 
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HOW TO PRODUCE VACUUM WITH A SPEED 
OF ONE LITER PER SECOND AT ONE MICRON 





In the design and manufacture of television, receiver, 
x-ray, cathode ray and other electronic tubes. . . in neon signs ; 
...in particle accelerators . . . in metallized coatings for tran- No. 91305-1 Hyvac 2 $181.00 
sistors, capacitors and resistors . . . in chemical and food proc- No. 91506-1 Hyvac 7 $284.25 
essing and in other areas where high vacuum is required. With No. 91705-1 Hyvac 14 $388.00 
Cenco mechanical high vacuum pumps you can produce vac- 
uum to 0.1 micron with a free air displacement of nearly 5 
cubic feet per minute. It is no exaggeration to say that no 
matter what your application problem, you can find the pump 
for it from Cenco. The Cenco-Hyvac 14 pump pictured above 
is typical. It and the Cenco-Hyvac 7 feature gas ballast for in- CENTRAL SCIENTIFIC COMPANY 
creased efficiency when evacuating condensable vapors. For A Sutaiitiey tk Cakes teaediaads Coraadion 
details on all models of the Cenco-Hyvac line, gages, valves, 1700—Irving Pk. Rd. Chicago 13, Illinois 
couplings, connectors and other high vacuum equipment, Branches and Wareh — Mountainside, N. ./. 


: . Somerville, Mass. » Birmingham « Santa Ciara + Los Angeles 
write for Booklet 9C or call your local Cenco representative. Tula cMonshan < Técdnas e'tteabest < Wenanater c Gaeta 




























© IS Adk QUALITY 
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OF ROCHESTER | 


Medical Monocular 
Model EC 
$316.50 
$284.85 in lots of 5 


= 


Medical BiReeular 
Model ECBi : 
472.50 


“QUALITY IS OUR WATCHWORD” 


. .. and our slogan is BUILT-IN to Elgeet-Olympus microscopes and a 
'... quality and craftsmanship you can SEE and FEEL. Write today for specifica- 
tions on models shown as well as on the complete Elgect-Olympus QUALITY line. 










WRITE DEPT. APS + 10 DAY FREE TRIAL - IMMEDIATE DELIVERY, 








Elgeet opricar CO., INC. ... SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION 
838 SMITH STREET e ROCHESTER 6, NEW YORK 


“Quality cur watchword... Precision Enginccung our constant goal is 
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NEWEST way to write performance... 


* 


SELF-BALANCING POTENTIOMETRIC RECORDER 





OFFERS YOU MORE HIGH PERFORMANCE FEATURES 
THAN ANY OTHER RECORDER...at any price! 


The old cliché, ““You can pay more but you can’t buy 
better” was never more applicable than in the new 
“servo/riter” recorder. Texas Instruments has devel- 
oped a self-balancing potentiometric recorder that 
incorporates premium engineering refinements, sensi- 
tivity, reliability and quality construction as standard 
equipment. 


High-Sensitivity — Standard electrical span of 2.5 
millivolt d-c with off-balance input resistance of 4 
megohms gives a power sensitivity of better than 
10-17 watts. 


Fast Pen Speed —Span step response is less than 
0.5 second. 


High Interference Rejection — Good filtering provides 
high orders of rejection to common-mode d-c and all 
types of 60 cps interference. Guard shields permit 
making full-accuracy measurements at hundreds of 
volts above ground. 


Long-Term Reliability — Tube life is prolonged by 





heat-dissipating shields. Amplifier gain is stabilized 
by partial negative feedback. Non-lash, non-wearing, 
toothed belt drive gives long consistent performance. 


Superior Operating Conveniences — Recorder func- 
tion is easily changed by plug-in input units. Presently 
standard are 2.5, 5, or 10 millivolt d-c electrical spans 

. special applications and ranges are easily accom- 
modated. “Micrometer” control for zero adjustment 
and main amplifier gain control are readily accessible 
as are all other adjustments, connections, and con- 
trols. The popular 10-speed chart gears and the high- 
capacity, easy-prime ink handling system proved on 
the “recti/riter’® recorder are standard equipment on 
the “servo/riter” recorder. 


There are four “servo/riter” recorder models to choose 
from .. . Single Channel, Narrow Grid; Single Channel, 
Wide Grid; Dual Channel, Narrow Grids; and Dual 
Channel (overlapping pens), Wide Grid. Write for 
technical literature and TI engineering assistance in 
your specific end or OEM use. 


The new “servo/riter” 


TEXAS IN ST RU M EN TS recorder is a companion to 
INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY ® HOUSTON 6, TEXAS ® CABLE: TEXINS 


the proved “recti/riter” 
recorder. 


*“servo/riter” is a trademark 
of Texas Instruments 









A NEW 
APPROACH 


1 
eRECIS 
sae MEASUREMENT 




















OF RADIOACTIVITY 


IN GAS 


CHROMATOGRAPHY 








Eee | oe The Packard Model 830 Tri-Carb® Gas Fraction Collector 

enables quantitative collection of individual organic com- 
ponents in a gas chromatographic effluent stream. Precise 
measurement of radioactivity in component peaks can be 
made after collection. 

An 8” diameter turntable holds up to 50 Tri-Carb Car- 
tridges, each packed with silicone-coated scintillation crys- 
d tals. Vapors leaving the gas chromatography mass detector 
| LINOLEATE | pass through the heated gas injection nozzle of the collector 
and condense on the coated surfaces of the scintillation 
crystals. As the operator observes the beginning and com- 


™y~ LINOLENATE + ie Rae 






ce ced Ya | 


+ ee 





FOLEATE 1 pletion of each peak on the mass detector trace, he actuates 
a control switch to change cartridges. Changing takes only 
STEARATE — a fraction of a second. 





| After sample collection, the cartridges are placed in posi- 
mae Pe tioning adapters in an Automatic Tri-Carb Liquid Scintil- 
lation Spectrometer for completely automatic counting. No 
| sample preparation is necessary and up to 100 samples can 
PALMITATE 3 1 tt Sa be handled at one time. 
| Counting efficiency for carbon-14 in Tri-Carb Cartridges 
| is over 50%. Backgrounds for these cartridges in the Tri- 
| Carb Spectrometer are extremely low—less than 5 cpm. 
i Consequently, even peaks with very low activity can be 
Rr eg accurately measured in short counting periods. 
‘ ied The Packard Model 830 Tri-Carb Collector is suitable 
Typical gas chromatogram trace showing mass peaks of fatty for use with “i chromatograph — = nondestructive 
acid methyl esters. Superimposed on the mass trace, the bar mass detection system. 
graph indicates no radioactivity in any of the unsaturates. For literature, prices, and further information write: 











MYRISTATE 















Tt atram ent Co 


m pany, 








P.0.BOX 428-A, LAGRANGE, ILLINOIS 


ATLANTA « BOSTON @ LOS ANGELES ¢ NEW YORK @ PHILADELPHIA 
SAN FRANCISCO ee WASHINGTON, D.C. © ZURICH, SWITZERLAND 
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symbol of precision 


It’s a simple matter for today’s computer to extend the accuracy 
of the symbol 7 to a fantastic 10,000 decimal places and beyond, 
thanks to such advances as solid-state electronics. Thus the symbol 
q is a logical name for Precision’s new all-solid-state instrumenta- 
tion tape recorder, which has dramatically extended performance 
levels to literally twice those of ordinary magnetic tape instruments, 
The Precision 7 recorder offers: 


previously obtainable with cone 
ventional recorders 


for a given length of tape—as much 
data on a 1012 inch reel as previously on a 14 inch reel 


HIGHER reliability, LOWER flutter, LESS 
maintenance 


Write for your copy of Bulletin 59, which describes the new Pre- 
cision 7 Recorder, based on the thoroughly tested and field-proven 
design of the FIRST all-solid-state instrumentation tape recorder, 
the Precision PS-200 Series. 


GD 1011 Commercial Street San Carlos, California 


Phone LyYtell 1-444! TWX Scar Bel 30 
Cable: PRINCO, San Carlos, Calif. 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


3.1415926535897932384626433832795028841971 693993 751058205 


TRuMeNT 





Open door view of 7-channel 
machine, showing loaded tape 
magazine which can be inter- 
changed in 5 seconds. 





Rear view of 14-channel re- 
corder which weighs oot 105 

ounds, fits in only 26% 
inches of rack space. 














ALL PURPOSE 
automated 


FREEZE-DRYING 


Increased convenience and versatility are built in 
features of the new, redesigned VIRTIS MECH- 
ANICALLY REFRIGERATED FREEZE-MOBILE. This 
complete freeze-drying system accomplishes vir- 
tually all laboratory and pilot plant freeze-drying 
procedures efficiently and automatically. The 
entire equipment is housed in an_ attractive, 
rugged, epoxy coated, carbon steel cabinet with 
stainless steel table top. Controls are front panel 
mounted for maximum operating ease. 



























CENTRIFUGAL DRYING 


BULK DRYING 






TRAY DRYING 





Four types of vacuum drum can 
now be used with the MECH- 
ANICALLY REFRIGERATED 
FREEZE-MOBILE — the stand- 
ard dual purpose manifold 
and bulk drying chamber; an 
eighty port manifold for bac- 
terial and virus culture drying; 
a front loading electrically 
heated tray drying chamber; 





and the revolutionary new cen- : 

trifugal freeze-drying vacuum wW 
drum which permits freezing 

of samples’ by evaporative 

freezing without danger of 

loss of sample due to foaming. 


for 
Full Details 


write... 





CULTURE DRYING 





THE VirTis COMPANY INC. 
GARDINER, N.Y. 
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ONE of these REICHERT INSTRUMENTS for 
FLUORESCENCE MICROSCOPY 3 
WILL APPEAL TO YOUR BUDGET 





Whether you select the inexpensive 
“Lux UV", the convenient “FLUOREX” 
or the versatile “ZETOPAN”, you will 
enjoy the advantages of working with 
this most qualified and efficient appa- 
ratus for fluorescence microscopy, 
based on nearly a Century of Experi- 
ence by REICHERT in this field. 
Featuring the OSRAM HBO 200 Mercury 
Arc Lamp, all units are equipped with 
fingertip controlled illumination including 
centering device, quartz collector and 
field iris diaphragm. Lamp housings 
are reinforced aluminum cast and air- 
ventilated. Built-in slides or turrets 
accommodate ALL filters for general 
fluorescence microscopy and the 
Antigen-Antibody Technique. 

You can depend on our time-tested Power 
Supply for operation of the Mercury 
Lamp. We guarantee trouble-free per- 
formance and uninterrupted service 
facilities. 


Demonstrations can be arranged 
anywhere in the U.S.A. 














“Lux UV” Illuminator 


Most economical fluorescence light source 
Can be used with almost any microscope 





“Fluorex” unit 
Most convenient for prolonged effortless 
operation. Enclosed light path. Fluorex and 
microscope form an integral unit. Can be 
used with most microscopes 





“Zetopan” ‘ 
REICHERT Research Microscope equipped 
with Double Lamp Unit for instantaneous 
transition from illumination for routine in- 
vestigation to fluorescence microscopy 


Please request our literature for complete particulars on the REICHERT apparatus for Fluorescence Microscopy 


WILLIAM J. HACKER & CO., INC. 


P. O. Box 646 CApital 6-8450 West Caldwell, N.J. 
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WRITE FOR 6 page brochure 
illustrating the fields 
covered by Model 500, and 
descriptive brochure sum- 
marizing F&M's five 
chromatographic instruments. 





LINEAR PROGRAMMED ED HIGH TEMPERATURE 
GAS CHROMATOGRAPH MODEL 500 


FEATURING 

« Independent operation 

to 500° C—column, detec- 

tor, and injection port, 

18 linear heating rates. 

Circulating air oven 

for columns to 50 ft. 

e Fast-heating, fast-cooling 

« 6 min.-change column and 
re-establish baseline. 
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+2 OF A SERIES 
LINEAR PROGRAMMED 
TEMPERATURE GAS 


CHROMATOGRAPHY 


2. ANALYSIS OF PARAFFIN 
WAX FRACTION TO Cso 






Gas chromatography is_ estab- 
lished as a reliable technique for 
the determination of n-paraffins in 
waxes‘, An analysis of a C., to C,, 
wax fraction was performed in 70 
minutes using constant temperature 
operation of 320°C. At a fixed 
temperature however, analysis of 
wider range fractions is not practi- 
cal. This is due to the excessively 
long retention times resulting in 
broad peaks which blend into the 
baseline and are lost. A Cy. to Cy, 
fraction, for example, required 3 
separate temperature levels to re- 
solve the fraction?. 

With a linear programmed high 
temperature gas chromatograph, 
this limitation to n-paraffin wax 
analysis has been removed. It is 
now possible to completely analyze 
in a single run a hydrocarbon mix- 
ture to C;)!:3:5,.The chromatogram 
on the left shows a separation from 
C,» to C;) performed on a 4 ft. Sili- 
cone Gum Rubber column using a 
linear heating rate of 2.9°C./min. 
from 194°C. to 453°C. The block 
is maintained at 430°C. and the in- 
jection port at 460°C. 

Model 500 Linear Programmed 
High Temperature Gas Chromato- 
graph, the unit responsible for the 
successful separation shown on the 
left, uses separate heaters for de- 
tector and injection port. This per- 
mits stable baselines while the 
column undergoes linear increase 
in temperature. In addition, Model 
500 can be ‘preset to shut off and 
cool after programming or hold the 
column temperature at a fixed value 
for isothermal operation. 

LITERATURE CITED 

(1). *Anon, “Gas Chromatograph 
Hits High °C.,” Chem. and 
Eng. News, 38,,42-43 (1960). 
Dal Nogare, S., and Safran- 
ski, L. W., Anal. Chem., 30, 
894-898 (1958). 

*Martin, A. J., Bennett, C. E., 
and Martinez, F. W. Jr., “Lin- 
ear Programmed Temperature 
Gas Chromatography to 
500°C.,” presented at the 
Cleveland ACS Meeting, April 
1960. 

Ogilvie, James L., Simmons, 

. C., and Hinds, G. P. Jr., 
Anal. Chem., 30, 25-27 (1958). 
Scott, C. G., and Rowell, D. 
A., Nature, 187, No. 4732, 143- 
144 (1960). 

*Write F&M for free copies. 
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1202 ARNOLD AVE., 
NEW CASTLE, DEL. 


N.C.C, AIR BASE 
PHONE EA 8-6606 
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Tin new popular-priced centrifuge has a special motor 
that gives speeds up to 5500 rpm and gravities of 4730 for 
routine centrifuging; up to 23,400 rpm and gravities of 
37,950 with the multi-speed attachment. It accommodates all 
stab- of the accessory combinations used in the CM and most of 
e for those fitting the SB. And it also features a unitized control 
0 Cx, panel, stainless steel guard bowl, and ample storage space 
n 70 for accessories. For the complete story, ask for bulletin FC. 





fixed | €-2390-1X Model CS Centrifuge for 115 volts, 50/60 cycles, 
Sin esis scscccsccsedenccnecniepeens $655.00 


International GENERAL- PURPOSE 


CENTRIFUGE 





racti- | €-2392-1X Ditto, but for 230 volts, 50/60 cycles, AC 


g in | 
» the i 


Bese, Model 114-S 


(Upper view 
_— shows rear 


to : 
iggeewent panel) — 
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Model CS 





“-. te! 


“Precision” BLOWOUT PANEL 


SAFETY OVENS 


ee is one of eight “Precision” Freas ovens designed 
for locations where the possibility of explosion or pressure 
build-up in an oven is greater than normal. Should internal 
pressure build up, the oven door is held closed by a positive | 
lock door catch and the rear blowout panel pops into a 
framework which catches it. Like all Freas ovens, these spe- | 
cial models offer superb temperature control. Gravity and 
mechanical convection types are available. Write for bul- 
letin 302. 


O-8686X-A Model 114-S Freas Gravity Convection «Oven, 
stainless interior, baked | steel exterior, for 
120/240 volts, 60 cycles, single phase, 3 wire, | 
rT a eS Pe Ee eee RS $675.00 





Branch Sales Offices: Albany 5, N. Y. » Boston 16, Mass. * Elk Grove Village, Ill. + Philadelphia 43, Pa. + Silver Spring, Md. 
Branch Warehouse: Elk Grove Village, Ill. 
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THE BARBER-¢ COLMAN 


News 





COLMAN 
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Views 


and 


Techniques 














Hydrocarbons C5 - C6 


100 ft. Nylon capillary .062” ©O.D. x .01” LD. 
Col. 30°C, F.H. 200°C, Flame lonization Detector 
Phase — Squalane, Current Range | x 10°'° amps. 



























































nCs 2, 2-DMB Sample Split 100:1 
2, 3-DMB 
iCs bet He 3 - MAP | 
ee nCy 

a - BREE 
T es 
2.0 ul 2.0! 

5 min. — 





REPEATABILITY HERE IS NO ACCIDENT 


With Barber-Colman Gas Chro- 
matographs, you can expect true 
repeatability: accurate, identical an- 
alyses, time after time. There are 
good reasons for such accuracy. 


One of the major reasons is an 
exclusive linear sample inlet split- 
ter — linear on two important 
counts: (1) splitting ratios are true; 
and (2) samplesare not fractionated, 
Another reason is separate tem- 
perature controls over column, 
splitter, and detector. Columns are 
held within 0.3°C. with saturable 
reactor heat input; stable, accurate 
variacs control input to sample inlet 
splitter and detector, 








The most important reasons for 
accuracy stem from fine design, 
good engineering, and high quality 
production. Of course operator 
technique is important, too, but as 
the chromatograms above demon- 
strate, the technique can be learned 
by any capable technician. Designed 
for flexibility, the Medel 20 gives 
repeatability with ‘radium, stronti- 
um, or tritium as well as the hydro- 
gen flame detector. 


Barber-Colman pioneered Argon 
ionization systems in the United 
States — call on their most exten- 
sive experience in gas chromatog- 
raphy system 


Barber-Colman Model 20 





A Column 
100 ft. SS capillary 


GE— 

96 silicone 265°C 

FH. 375°C, 

Cell 250°C 

60 psi Argon, 

Current Range 3 x 10-* amps. 
1250 volts, 

Split 

200 m1 ‘min 


Acetone 

















Start 





Min. 
; : SRO | 


STEROIDS 


A. Estradiol. B. Estradiol — 3— 
Methylether. C. Androstenedione. 
D. Etiocholanolone Acetate. E. 
Progesterone, 


The excellent analysis shown above 
should be of special interest to the 
research peopie in the medical, bio- 
chemical and biological fields. It 
was run on a B-C Model 20, 


Barber-Colman Chromatographs 
played an integral part in the recent 
breakthrough on steroids which 
was reported in the July 25, 1960 
issue of C & E News. 


Application flexibility is outstanding with both Model 10 and Model 20. 
A complete line of accessories is available to adapt the basic instrument 


to special fields or needs. 


Hydrogen flame detector — argon ionization detection with radium, 
tritium, or strontium -90 cells —use packed or capillary columns — 
linear sample inlet splitter — separate temperature controls for column, 
splitter and detector — network of sales and service offices, 


BARBER-COLMAN OF CANADA, LTD. 


Industrial Instruments Division 
Dept. K, Toronto & Montreal, Canada 
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The Cooke M15... a laboratory microscope with superior 








optical performance. Its clean design and precision construction 
offer unequalled convenience, versatility and durability. 
Manufactured at York in England... 
specifications on all models available on request .. . 


Model MI5BY, illustrated above, 30X to 1000X, F. O. B. Boston, $429. 


COOKE TROUGHTON @& SIMMS, IncORPORATED 


91 WAITE STREET, MALDEN 48, MASSACHUSETTS * IN CANADA: 77 GRENVILLE STREET, TORONTO 












RESEARCH 
EQUIPMENT For 











g.50 


5.00 
DOWN 


@ 800-mm. focal length 
@ Micromotion adjustments on both axes 
e@ Coated optics throughout 
@ Eyepieces for 160x, 88x, 40x (200x available at 


y F-342WX Shpg. wt., 
Fi *F-391 
Mb 






Professionally Designed 
and Produced 


2.4” EQUATORIAL REFRACTOR 


@ 62-mm. objective 


@ Equatorial mount 


extra cost*) @ 320x with Barlow lens included 


30 Ibs. ....5.00 Down.... Net 79.50 
4-mm, orthoscopic eyepiece for 200x Net 8.95 









“WINDICATOR” 





STAR SPECTROSCOPE WITH 


3 
hay, Ba . EYEPIECES 
29.95 


@ Observe the spectra of stars of magnitudes 1 to 3 


@ Identify Fraunhofer lines from C to G @ Drawtube 
@ Fits threads of 25-mm. 0.D. 


focus arrangement 
and 25.4 mm 0.D. eyepieces 


F-569 Shpg. wt., 8 oz. ........2.00 Down 


Net 29.95 


a_ea) ACHROMATIC 


4.95 BARLOW LENS 


@ Makes Any Good Telescope Better! @ Doubles 
Your Telescope’s Power! @ Accepts eyepieces of 
25.4 mm (.97”) 0.D. and fits draw tubes of that size. 
@ Provides Greater Eye Relief! @ Improves Defini- 
tion! @ Greater Illumination—Wider Field! 

F-423 Net 4.95 


DIRECT VISION 
PRECISION 








LAFAYETTE 


14” 
TRANSPARENT 
CELESTIAL 
GLOBE 


39.50 


@ Basic Aid for Students and 
Teachers of Astronomy 

@ Adjustable satellite orbits 

@ Satellites travel around earth automatically 

@ Adjustable sun and moon 

@ Adjustable lunar orbital inclination 


@ 80 constellations—including all stars of ist, 2nd, 
3rd, and 4th magnitudes 


Shpg. wt., 15 Ibs. 


PAIK asesencssscssessosses 2.00 Down Net 39.50 






SPECTROSCOPE 


716°°° 


@ 400-800 MILLIMICRON SCALE 
@ HORIZONTALLY SPLIT FIELD 
@ ADJUSTABLE SLIT WIDTH, 
SLIT FOCUSING 
A prismatic type, hand-held instrument that has most 
features of the finest standard laboratory instru- 
ments, Highest grade optics broad dispersion field 
of high intensity. Equally suited to laboratory or 


field work. 
“ 5.00 Down Net 76.50 


DRAWTUBE 


BES acstscs iste ncaa Nese cs 








@ 48 — Selected 









LAFAYETTE EXCLUSIVE 
ASTROGRAPHIC 
PLANETARIUM 
@ Hold the Universe 


in your hand! 


@ Completely port- 
able! 


@ Self-illuminated! 


19.95 


in our latitudes! 
@ The perfect star finder! 


F-500 Shpg. wt., 142 IDS. oo seseescseees Net 9.95 


important constellations seen 





Specimen 


a siete 
and Classified 


@ Removable for 
295 Study 


specimens—pre-selected to 


Forty-eight 
such physical characteristics as cleavage, hardness, 


illustrate 


color, luster, specific gravity, crystal form, etc. 
Contains specimens of ore—organics—fossils—ele- 
ments — Plutonics — oxides — volcanics — hypa- 
byssals—effusives crystals—common and uncommon 


minerals. 
-566 Net 2.95 


PORTABLE FIELD 
MICROSCOPE 








MAXIMUM-MINIMUM 
THERMOMETER 





Gives three readings at a glance—maximum, mini- 


mum and present temperatures. Self-registering—no 


knobs—magnets—or push buttons — for reset. 
Magnifying lens case for ease of reading 


oy MO SAB G UE ossetisissibinysieieine 


@ POCKET SIZE—FOR 
FIELD OR LAB 


@ ACHROMATIC— 
COATED LENSES 


Sliding draw tube permits focusing 


@ 20x—40x—80x 
9.95 


on objects from fiat surface to 
1%” hig deal for inspecting 
large specimens—small parts—sur- 
faces 0 


large places. Size collapsed 
is only 4%”—fully extended 642” 
less tripod. Includes soft leather zip- 
per and tripod legs. Perfect porta- 
ility. Shpg. wt., 1 





SS ERE ERO II 





ANEMOMETER 


Wind Direction and Velocity Indicator 
Direction and Velocity on One Dial 
Indicates Velocity from 0 to 100 m.p.h. 
New “Gyro” Design e@ Starting Speed: 
5 m.p.h. @ Accuracy for Speed +5% 


Completely Self-Contained—No Outside 
Power Source Needed 


F-507WX 


2.00 Down Net 48.95 


HUMIDICATOR—"“SLIDE RULE” 























HYGROMETER co a) 
Taathiny 
@ Slide Rule Readings aN 
@ No Computing—No Con- Wy 
version rer, 
@ Exceptional Ease and te te. 
Accuracy c te 
The most recent innovation in by ey 
weather instruments. Fastest — hi ie 
easiest method of determining rela- a 
tive humidity. Overall size, includ- 
ing cistern, is 1342x334”. 
PP > Tact iiscelvetvossciassessoodess Net 4.95 - 
‘ 
DIRECT VISION 
SPECTROSCOPE 


19.50 


@ SIMPLEST WAY TO OBSERVE SPECTRA 
@ BETTER THAN ANY GRATING SCOPE OF EQUAL COST 
@ HIGHEST GRADE OPTICS IN DIRECT VISION FIELD 


High grade optical system yields _. aa. 
sufficient to separate 5769.6A° from 5790.6. 

the spectrum of a fluorescent lamp. Can be need 
sharply assuring easy viewing and establishment of 
Fraunhofer lines of the Solar spectrum or bright lines 
of the emission spectra. 











PRO vevcicests Net 19.50 
“TRIPLEX” NEw 
SUGAR 
REFRACTOMETER 


@ Measures from 0% to 90% 
@ Accuracy to 0.2% 


119.50 


Tri-prism system allows choice of 3 ranges at 
will. Defines the critical line as clearly as most 
} y instr Reads dense or clear 
B® solution with equal facility. Perfectly clear, color 
corrected field. Shpg. wt., 14% Ibs. 


F-455 5.00 Down 








soiessascapnvapieaiie . Net 119.50 





JAMAICA 33, NEW YORK 
165-08 Liberty Avenue 


NEW YORK 13, N. Y. 
100 6th Avenue 





BRONX 58, N. Y 
542 East Fordham Road 


110 Federal Street 





BOSTON 10, MASS. | 


NEWARK 2, N. J. 
24 Central Avenue 


PARAMUS, WN. J. 
182 Route 17 
(1 Mile North Garden 
State Plaza) 


PLAINFIELD, WN. J. 
139 West 2nd Street 
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DELUXE LOG LOG DUPLEX 
DECI-TRIG SLIDE RULE 





15.95 


EAY E:'I'r=E: 


PRECISION SCIENTIFIC INSTRUMENTS 
for RESEARCH TE 


1500X “MICRO-STANDARD” 


Be 


ADVANCED ACADEMIC 
MICROSCOPE 


and eyepieces 
e Integral Mechanical Stage 


e Standard Society Size Optics—both objectives 






Cc 


~ 










@ 25 Scales with 8 Log Log Scales @ Extended e Variable Sub-Stage Condenser 9 5 
eeu Sotits sooing Off “ins ° Extra P Scale with Iris Diaphragm 
implifies Computations @ Two Color Scales : 
Ss tt gS Kare" | Full Range Fine Adjustment 
an » L, K, A, B, : e Full Range Fine Adjustment e Heavy 
C, D, D1, P, and LLO. Complete with instruction Laboratory Stand e All opti ted 
book’ and saddle leather case. Overall length is y ptics coate 
14” Shpg. wt., 11% Ibs. Sample available on approval to — and industrial yr 
F-428 List aS FeO DRDO a Net 15.95 PHN schnseccaistescnacczcrclcantlees TED UID nn ininsc cotnisnceormensactinle 89.9 
““MICRO’DAPTER’’® SIMPLEX CYLINDER 






PRECISION 
1 INCH MICROMETER 


@ MEASURES TO 0.0001” 

@ STAY-ACCURATE HARDENED PARTS 

@ MAGNIFIER AND THIMBLE RACHET 
Unbreakable plastic magnifier fits securely over 
micrometer, allows quick clear reading at a glance. 
The high accuracy of this instrument permits in- 
terpolation to the nearest 1/10,000 of an inch, 
using the magnifier. Measures 0-1”. Shpg. wt., 1 Ib. 
HD-846 Net 7.85 


@ Micro-photography! 
@ Astro-photography! 
@ Inexpensive— 
accurate—easy to use 
@ Use any camera/ 
microscope or camera/ 
telescope setup 

@ Photo-record your observations 19.75 
The MICRO'DAPTER may be used with on, telescope 
by attaching to eyepieces of 29mm (15,”) maximum 
diameter. Complete with lateral viewing telescope, 
accessory sleeves and fitted case. Shpg. wt., 


1¥2 Ibs. 
PA accticteapanseicedbbineiamadibnabebaniaansccaiojun ; . Net 19.75 













MICROTOME \ 
@ 75mm ground glass stage SS 
© Graduated in 10 micron intervals 
@ Surgical Steel Knife 


Small, accurate microtome 
for freehand sectioning. 19,95 
Suitable for school use 

as well as lab applications 

where a hand operated 

feed is sufficient. 


F-442 .......... Net 19.95 








OPTICAL 
MICROMETER 


@ Pocket sized Comparator 

@ Direct measurements to .005” 

@ Measures Diameters- 
Radii-Angles 

@ Linear scale in Inches 


High quality optical micrometer using a triplet lens 
system of approximately 7 power. Triplet system 
affords a wide flat field of view. Extremely accurate 
reticle of etched glass. 

F-376 Net 7.95 











MICRO-STANDARD 
MECHANICAL 
STAGE 


19.95 


@ LOCATES on ore ONA 
SLIDE, “ON THE NOSE” 

x SMOOTH ACT ACTION- HORIZONTAL 
AND 

e FOOLPROOF Co- ORDINATE SYSTEM 

@ FITS ALL SOCIETY SIZE MICROSCOPES 

@ MACHINE ENGINEERED SCALES—GRADU- 
ATED IN MM’S WITH VERNIER READING 
TO 1/10tii MM 














F-362 Net 19.95 


NOVATRON 


A_ SCIENTIFIC 
INSTRUMENT for 
the EXPERIMENTERS 

ONLY 


11.95 


* os 110 VOLT 
AC/DC MOTOR 

@ MINIATURE ATOM 
SMASHER 






@ PRODUCES 75,000 
VOLTS 
@ ABSOLUTELY SAFE 


@ BASIC VAN DE GRAAFF GENERATOR 
@ IDEAL “TEACHING” UNIT 
In no sense of the word a toy or gadget. This ma- 
chine is a scientific instrument capable of producing 
75,000 volts—makes sparks up to 2” long—yet it is 
absolutely safe because the current is infinitesimal, 
F-371 Assembled Shpg. Wt., 4 Ibs. ........ Net 11.95 
COMPLETELY WIRED 


(NOT A KIT) 
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NEW! “COLCON”—COLOR CONTRAST 





MICROSCOPY 
APPARATUS 


99.* 








@ DYES LIVING SPECIMENS OPTICALLY 


f @ 36 LEVELS OF LIGHT INTENSITY 


The ‘‘Colcon’”’ color contrast apparatus represents 
a complete departure in the ‘‘staining’’ of speci- 
mens. Specimens of inherently low contrast can be 
“‘dyed’’ optically while maintaining striking contrast 
to the field background. The ‘‘Colcon”’ will also pro- 
vide ‘Bright Field’’ illumination by means of criti- 
cal (parallel) light, ‘‘Monochromatic Bright Field’ 
illumination by the use of its special, long focus 
(n.A.0.8) reflecting condenser. “‘Inclined’’ (high 
resolution) illumination by means of offset filter, 
extremely stable and exceptionally versatile illum- 
ination for photo micrography. The ‘‘Colcon’’ is 
suitable for use with any standard, Society size 
microscope. The ‘‘Colcon” and the microscope then 
become one versatile functional unit, in perfect, 
mutual alignment. Uses 110V A.C. at 24 watts: and 
delivers 4 to 12V A.C. at 2 amps. Supplied com- 
plete with power cords, spare bulbs and wooden 
storage cabinet. Shpg. wt., 10 Ibs. 

F-615 5.00 Down ................ Net 99.50 


















IMPROVED 
BRINNELL MICROSCOPE 


@ Reads direct to 0.0005 inch 
@ Magnification 100X 

@ Self illuminated 

Suitable for field work as 

well as lab and shop. Eye 

relief of approximately one inch 
permits use while wearing glasses. 
60X interchangeable eyepiece 
available for lower power 
applications. Complete with 
adjustable arm, penlight and 
fitted case. Shpg. wt., 2% Ibs. 
F-625 . 2.00 Down ........ Net 32.50 
F-626 ‘‘60X’’ Eyepiece.......... Net 15.50 


Net 








NEW! “ULTRA-LUMINATOR” LENS 


@ Unique Vertical 
Incident light 
system 
@ 12X, 24X, 48X and 
120X iuminating 
objective lenses 
@ Light does not pass 
through objective 


oO 139.50 


The “Ultra-Luminator” objectives will fit the turret 
of any standard, Society size microscope. Supplied 
complete with 4” Ultra-Luminator objectives, 12X, 24X, 
48X and 120X (oil immersion) 5 filters, red, yellow, 
green, blue and frosted (diffusion), 6 spare bulbs, 
variable transformer for 115 volt, 60 cycle, AC., cords 
and. instructions. Shpg. wt., 6% Ibs. 
eS, | 8 Rene Net 139.50 
F-657 Polarizing Filter Set 2.0.0.0... 5.95 









exclusive items. 


324-page catalog featuring precision scientific and research equipment for 
student and education. Huge selection of microscopes, optics, lab. and field 
instruments, weather instruments, drafting supplies, and more—hundreds of 


All equipment available on Lafayette Easy-Pay Plan orders for $20 or 
more—as little as $2 down. 


ELECTRONICS 1961 CATALOG 610 





LAFAYETTE RADIO, 


Dept. SCJ-6 -P.0. BOX 190, JAMAICA 31, N.Y. | 





O$ 


enclosed. Send stock # 








0) Rush FREE 1961 
Catalog 610 Name 


EF Wiaacaupenaiced down payment enclosed. Send stock #....... 
Lafayette Easy-Pay Application sent you upon receipt of down payment. 





Address 





City 


Zone State 
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“Sputnik” of Modern Chemistry? — Perhaps! 
We call & our 


AUTOMATIC RECORDING 
SPECTROPOLARIMETER 


FOR ROTATORY DISPERSION AND OPTICAL ROTATION KINETICS 


e BASIC SENSITIVITY: 0,001° are 


WAVELENGTH RANGE: 
200 to 700 millimicrons 


THREE OPTICAL ROTATION RANGES: 
2°, 20° and 200° dextro or levo 


ZERO OPTICAL ROTATION POSITION 
is adjustable along vertical recorder axis 


® NINE SCANNING SPEEDS 





WAVELENGTH AND TIME-BASE DRIVES 
are easily interchangeable. 


Model +260/655/850/810—614 





We Also Offer: 


SAMPLE CELLS FOR OPTICAL ANALYSIS OF LIQUIDS with guaranteed stress-free 


windows and teflon or nickel-plated brass bodies for polarimetry, spectrophotometry, etc. 
INTERFERENCE REFRACTOMETERS according to Lord Rayleigh 


RECORDING INTERFERENCE REFRACTOMETERS according to Raymond Jonnard 
MOLECULAR POLARIZATION INTERFERENCE REFRACTOMETERS 


OPTICAL CALCITE (Iceland Spar) in 4 grades ranging from highest 


quality to mineral specimen grade 


VISUAL SPECTROANALYZER COMBINATIONS of Spectroscope, 


Spectrometer, Spectrophotometer, Spectropolarimeter and Refractometer 
OPTICAL BENCHES 


ENGINEERING SERVICE IN SCIENTIFIC INSTRUMENTS 








RUDOLPH INSTRUMENTS ENGINEERING COMPANY 


P. O. Box 265 LITTLE FALLS NEW JERSEY U.S. A. 
OFFICE: TELEPHONE: 
61 Stevens Ave. at Walnut St. CLifford 6-1491 
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Torsion’s new line of weight-loading dial balances retains all the proved 
advantages of the unique Torsion principle which eliminates knife edges 
and guarantees long-lasting accuracy. 

Since Torsion introduced the “fine weighing” dial over a year ago, users 
have reported substantial savings in weighing time. Now Torsion has 
added a “weight-loading” dial which enables the user to “dial in” 
additional weights as described in the specifications for each new balance. 
Both dials can be used without arresting the balance. 

By using two dials, one for weight loading and one for fine weighing, 
Torsion has cut weighing time even more. 

With Torsion’s new two-dial feature, the time-consuming handling 

of small, loose weights has been eliminated. In addition to faster weighing, 
Torsion’s new dial balances with weight loaders minimize the possibility 
of weights becoming inaccurate from rough handling. 


Ask your laboratory supply salesman for a demonstration 
or write for complete specifications. 


The Torsion Balance Company 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Francisco 





FIGHT 


A TORSION MODEL DWL-3 


Capacity: 200 grams 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.02 gram graduations 
(Readability: .005 g) 


TORSION DWL-5S 

Capacity: 500 grams 
Weight-loading Dial: up to 90 
grams by 10 gram increments 

Fine Weighing Dial: 10 grams by 
.1 gram graduations 

(Readability: .02 g) 


TORSION DWL-2 

Capacity: 120 grams 
Weight-loading Dial: up to 9 
grams by 1 gram increments 

Fine Weighing Dial: 1 gram by 
.01 gram graduations 
(Readability: .002 g) 


TORSION DWL2-1 

Specifications are same as the DWL-2 
except that this model has scoop 

for seeds or other bulky material. 
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right across the board.. 


ae CENTRIFUGES 





5 rotors on one base 


Small & Medium Centrifuges 














SS-1 Superspeed with Con- SS-3. Automatic Superspeed 
tinuous Flow 17,000 rpm — 34,800 x G 





From the SERVALL Small and Medium Centrifuges that offer five dif- 
ferent rotors on one basic motor assembly plus a huge variety of tube 
combinations, to the RC-2, the latest in Refrigerated Centrifugation, 
SERVALL Centrifuges Serve You Best. 


The SERVALL SS-1 Superspeed, SS-3 Automatic Superspeed, SS-4 
Enclosed Superspeed and RC-2 Automatic Refrigerated Superspeed 
Centrifuges, all designed to accept the unique SERVALL 8 to 2 Tube 
Direct Sedimentation Continuous Flow System, lead the field in a 
functional versatility that is determined by one thing: the modern 
researcher’s requirements — your requirements. 


Automation, special rotors such as particle counting and field- 
aligning, high centrifugal force, safety features, operational reliability 
and simplicity, whichever is your major concern SERVALL specifica- 
tions cover it. 


And remember, in the U.S. you get direct, personal service on all 
your needs from SERVALL-trained representatives. In Canada and 
elsewhere SERVALL Centrifuges and Instruments are available from 
specially appointed distributors, 
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SERVE YOU BEST! 





SS-4 Enclosed Superspeed — SS-1 Superspeed — 
Entire Control Panel snaps 


out for remote operation laboratory” 


RC-2 Automatic Refrigerated Cen- 
trifuge — basic unit includes stand- 
ard 8 x 50 mi Superspeed Rotor 





ILLUSTRATED LITERATURE UPON REQUEST FOR CATALOG SC-10GC—or circle number on reply card 


Norwalk, Connecticut 






An independent company: not connected with any other centrifuge manufacturer. Established 1934. 
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“the 


workhorse of the modern 
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...At the Dow 


Chemical Company, 


fiber research is 
optimized with a 


ee = 


ee 
‘ 

i 

z 





Herman P. Briar 





At Dow Chemical, Research Project Leader Herman P. Briar used the Bendix G-15 
digital computer to speed research and reduce material costs in the development of the new 
synthetic fiber, Zefran. The versatility of the low-cost G-15 also permits its usage on other 
important Dow projects, including quality control, engineering, and market development. 


More than 350 G-15’s are currently in use, many in 
the chemical process industries. One reason for this 
popularity is that the new user, through the G-15 
EXCHANGE Organization, may take-advantage 
of the work already done in applying the G-15 to his 
type of work. For instance, in the chemical field, 
the new G-15 user would have access to a wide 
variety of programs including: 


Process simulation * mass spectrometer calcula- 
tions * pressure vessel design * column design 
linear programming * probability analysis * sta- 
tisticalanalysis © viscosity calculations * heat 
exchange calculations ¢ information retrieval « 
regression coefficients * multiple linear regression ® 


Bendix Computer Division 


DEPT. AO-22, LOS ANGELES 45, CALIF. 
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pipeline analysis * analysis of variance * numerical 
differentiation * quality control * random number 
generation * Fourier synthesis * and many more in 
engineering and business fields. 


The G-15 has many other valuable features: very 
low price, the widest variety of standard accessory 
equipment of any computer, alphanumeric type- 
writer and paper tape input-output as standard 
equipment, simplified programming systems, na- 
tionwide service organization, and fast availability. 
A Bendix Computer representative will be happy 


to discuss your computing needs in detail. Or, write 
for descriptive literature. 
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OTHER 
MALLINCKRODT 
PRIMARY 
STANDARDS 


KI03 
CgH5COOH 
Naa(204 
KHCgH40, 


St, Louis — 
New York 


WHAT'S IN 
MALLINCKRODT 
CALCIUM 
CARBONATE AR 


PRIMARY STANDARD 


22 -BESIDES Caco,7 


The answer: Exceptional purity... the “element” of 










quality that distinguishes all Mallinckrodt Primary 
Standards. In 1912, Mallinckrodt manufactured 
the first chemical Primary Standard issued by the 
National Bureau of Standards...and now 
produces the most complete line of these 


extremely pure chemicals. 


The special skills required to manufacture Primary 
Standards... are vital factors in maintaining 
highest quality in all Mallinckrodt AR’s.® 


Mallinckrodt distributors are ready to give you 
fast delivery on AR’s and other laboratory needs. 





















BR @) NWILL... your headquarters for 


CONSTANT 
TEMPERATURE 
CIRCULATORS 


Pumps and circulates... 
converts any suitable container toa 
constant temperature bath. 


HEATS + CIRCULATES + CONTROLS TEMPERATURE 


This new and improved model instantly con- 
verts any suitable container to an efficient, 
closely controlled, constant temperature bath 


FEATURING: 


@ temperature controlled 
to 0.01°C—range 
0 to 100°C 

e@ long life brushless 
induction motor 


i i GS OO 





© aceutine wieghttic or circulating system. One light, portable unit 
control of temperature provides the motor driven stirrer and pump for 
settings circulating, a 750 watt heater element, a read- 
e internal relay—no ing thermometer, a magnetic setting thermom- 
separate relay box eter-thermoregulator and a double transistor 
© up to 2!% gpm 12L/min) relay. With mounting rod for attachment to any 
contreved circulation laboratory stand. 
® additional reading 
thermometer provided Literature on Request. 
@ accessory cooling coil 
available 





And the BRONWILL MODERN DESIGN 


WARBURG APPARATUS 


Circular shape and small diameter (2014”), conserves 
space, permits locating unit against a wall or in a 
corner. Rotates through 320° to bring any manometer 
in front of the observer for reading. Fourteen manom- 
eter positions are provided. 

@ Designed for compactness—operates on any laboratory bench. 


@ Magnetic thermoregulator adjustment—temperatures 
0 to 50°C present in minutes. 


@ Unique double capillary manometers—stronger and easier to read. 


@ Electrode heating system—lagless—no overshooting. 
Reaches operating temperature in 20-30 minutes. 


@ Interchangeable factory calibrated manometers and reaction 
vessels available. 


e@ Temperature constancy plus or minus 0.01°C. 
FOR PHOTOSYNTHESIS — MODEL UVL... CAT. NO. 10 

































Bath chamber is transparent Plexigias through which the light is trans- Send 

mitted from fourteen 40-watt tungsten filament lamps, mounted on the 

oscillating manometer platform directly below the reaction flasks. The for 

distance between light source and reaction flask remains constant. d 
Concentric-mounted fan to dissipate heat from. the lamps is positioned Illustrate 

so that the blades do not pass through light beam between lamp and folder 

flask. Special cowling shields the observer from direct light, facilitates 


reading the manometers. 











BRONWILL SCIENTIFIC 


RA -DUVISTON OF WILL BOR OGRA T tON 
P. O. BOX 952 @ ROCHESTER 3, N. Y. 
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PRECISION 
CONTROLLED 


~ 


The increasingly vital role of freeze drying in 
the preservation and concentration of critical 
substances demands better engineered, more 
versatile apparatus. Now Amsco Del-Vac Freeze 
Dry Apparatus fulfills this need within labora- 
tories, pilot plants and production facilities. 

Significantly finer performance and versatility 
of Amsco Del-Vac Freeze Drying equipment 
permit the direct transfer of process data from 
laboratory or pilot models to large scale 
production models . . . without intermediate 
stages, of pilot operation. 

Whatever your freeze dry needs . . . whether 
‘you require heated, refrigerated process shelves; 
hydraulic stoppering shelves; a powerful, 
built-in 5 to 10 micron vaccum pump; or fully 
automatic controls . . . Amsco Del-Vac has 
an appropriate model. 

Write for fully illustrated brochure IC-606. 


STERILIZER 


ERTEsPENNSYLVANIA 





Scientific and Industrial Department 


World’s largest designer and manufacturer 
of Sterilizers, Operating Tables, Lights 
and related biological equipment 


21 OCTOBER 1960 
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FREEZE DRYING EQUIPMENT 
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The Nalge Co., Inc. 
75 Panorama Creek Dr., Dept. 510, Rochester 2, N.Y. 
Send me new catalog 

on complete Nalgene Laboratory Line, 
COMPANY eoeecseeers 
Street.. 
City, 











NALGENE... 
world’s FIRST 
plastic laboratory 


bottles! 





Now, Nalge introduces the very first 
line of plastic bottles and jars 
made specifically for laboratory use. 


Produced in virgin polyethylene or 
polypropylene, ‘Nalgene laboratory 
bottles eliminate the hazards of breakage, 
corrosion or contamination. Extra 

safety is provided by their resilience, 
non-slip grip, tight seal and stable base. 


Nalgene closures of polypropylene are 
precision made with strong semi-buttress 
threads and built-in sealing rings to 

give an absolutely perfect, leakproof fit. 
Now you can have matching bottles 

and closures by the same manufacturer. 


Whatever your requirements .. . big 

or little bottles, wide or narrow rnouth, 
clear or amber colored . . . Naigene 
laboratory bottles offer a new experience 
in economy, convenience and safety. 


Available through your laboratory 
supply dealer. 


a THE NALGE CoO., INC. 


ROCHESTER 2, NEW YORK 


Today’s Most Complete Line of Plastic 
Laboratory Ware 






















announcement 
| GED analytic apparatus now distributed by 
f@p, PICKER IN U.S.A. and Canada 


GED laboratory instrumentation enjoys world reknown 
for its forward concepts and precision craftsmanship. 
In joining this fine British-made apparatus to its own 
broad line of x-ray diffraction and nuclear instruments, 
PICKER is now in a unique position to serve research 
and analytic laboratories in this country and Canada 
with an apparatus line of extraordinary embrace. 


AE! apparatus now marketed and serviced by Picker includes... 


EM-6 ELECTRON MICROSCOPE / will magnify appropriate specimens 
up to 120,000 diameters. Guaranteed resolving power of 15A . 


MASS SPECTROMETERS / of several types. Outstanding is the MS7, 
unequalled for finding trace impurities in semiconductors, metals 
and alloys. Will detect presence of .001 parts per million. 





MICROFOCUS X-RAY ANALYZER /a specialized device for x-ray chemical 
analysis, using the Castaign method for the study of metallurgical 
specimens. Unexcelled for identification of minute impurities or 
inclusions in small samples. 


NUCLEAR MAGNETIC RESONANCE SPECTROMETER / high resolution 
spectroscopy through utilization of the magnetic resonance response of 
nuclei. Forward stride in exploring molecular structures. 


*Asséciated Electrical Industries (formerly known as Metropolitan-Vickers) 
is England's largest electrical manufacturer. 


FOR DETAILS /cal! any Picker office of the nationwide 
Picker Sales/Service organization. (See local ‘phone book) 


or write PICKER X-RAY CORPORATION, 25 South Broadway, White Plains, N.Y. 


if it has to do with RADIATION] it has to do with 
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NOTABLE ACHIEVEMENTS AT JPL... 


pioneering work in worldwide communication 


via satellites 


“PROJECT 
EGHO 


On August 12th, 1960, JPL scientists at 
Goldstone, California, radioed the world’s first transcontinental 
microwave message to be relayed by a passive, artificial 
earth satellite. This satellite was the 100 ft. plastic balloon Echo | 
orbiting around the Earth at an altitude of approximately 1,000 miles. 
A pre-recorded statement by President Eisenhower was received 
2,300 land miles away by scientists of the Bell Telephone Laboratories 
at Holmdel, New Jersey, as clearly as any conventional 
telephone call, in a fraction of a second. 
Later in the course of the Echo experiment, the scientists 
at Goldstone and Holmdel conducted 2-way voice communication 
via the balloon satellite, Goldstone transmitting 
at 2,390 megacycles and Holmdel at 960 megacycles. 
This successful experiment has demonstrated the feasibility of 
worldwide communication 
and is typical of many pioneering achievements 
of the Jet Propulsion Laboratory. 


G OLDSTONE, 


@ CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
COMMUNICATIONS e INSTRUMENTATION « INFRARED e ASTROPHYSICS « GEOPHYSICS « GEOCHEMISTRY 
e ASTRONOMY ¢ PROPULSION ¢ MASER « STRUCTURES e PHYSICS e 


Send professional resume, with full qualifications and experience, for our immediate consideration 
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Jhomis—Hoover 


CAPILLARY MELTING POINT 


APPARATUS 
with 
PERISCOPIC THERMOMETER READER 










With bath unit cncliee fer nilety 

» Lagless heat transfer for cote heating 
and cooling 

‘ Built-in Sisilory aici for uniform 
__ packing of sample 








For fast reproducible déterminations of melting 
points conforming to official U.S.P. and similar 
methods using glass capillary tubes. Electrically 
heated, range from room temperature to 350°C. 
Takes up to five samples simultaneously. 


Consisting of illuminated, silicone fluid bath 
with electric stirrer, heater controlled by auto- 
transformer, built-in capillary vibrator, ar- 
mored thermometer, etc., combined in a single 
sturdy unit. 





PERISCOPIC THERMOMETER READER 
Provides magnified thermometer indication in 
window adjacent to capillary magnifier, for 
ease in observation of both bath temperature 
and melting sample. Upper mirror assembly 
of periscope is raised or lowered to follow 
mercury level of thermometer by turning 
knob at side of reader housing. 














Safety— Bath enclosed except for observation 
port. Removal of bath disconnects heater 
and stirrer. 

Rapid heating and cooling— Lightweight, Ni- 
chrome wire heater, 500-watts, responds rap- 
idly to changes in input voltage, providing = = === 
rapid lagless heat. Showing enlarged field of view with Periscopic Reader 

Capillary Vibrator—Insures uniform packing of 
sample in capillaries. 





6406-K. Capillary Melting Point Apparatus, 

A 100 ml beaker of borosilicate glass is used as the Thomas-Hoover “Uni-Melt", complete with Peri- 
melting point bath. Bath is protected from dust and en hey it pag se mater 5 — 
air currents. Bath oil is circulated by an electrically senmie coed Fe peng roundel oan ee 
driven stirrer controlled from panel. For ease in : : 


. mses 6407-A. Periscopic Reader, only, with mounting 
changing the bath liquid, bath assembly can be bracket and screws for convenient attachment to cabinet 


lifted out of the cabinet. of instruments not furnished with Reader.... 37.50 





A.H.T.CO. 


LABORATORY APPARATUS 







ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT BRD ¢ PHILADELPHIA G, PA. 
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NEW BECKMAN DB SPECTROPHOTOMETER 


AE 


The Beckman DB Spectrophotometer utilizes an 
exclusive double-beam system. This eliminates most 
adjustments required in single-beam units. Sepa- 
rate readings for reference and sample cells are 
unnecessary—you simply set the desired wave- 
length, insert the sample and reference and read the 
meter. Manual operation, wide wavelength range 
and direct readout combine with double-beam ac- 
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New Push-button Recorder 








OFF ANALYSES TIME! 


tion to bring you up to oe savings in routine 
analyses time. 


No. 68435—Beckman Model DB Spectrophotometer, for 320 to 770 

mu wavelength range, with two silica rectangular cells. 115 volts, 

50/60 cycle. . . ie . $1,700.00 

To extend range ‘to 220 f mu 1 the following are 2 needed: 

No. 68437A—UV Accessory Set. 

No. 68437B—Hydrogen Lamp Power DUOC ca scckeusasesen $297.00 
Flame Attachment also available for use with Model DB. 


Ratio Recording Available 


Add a wavelength drive accessory and a Beckman 
Potentiometric Recorder to the Model DB and you have 
the lowest-priced true %T recording spectrophotometer 
available today! Features of the Beckman Potentio- 
metric Strip Chart Recorder make it the ideal companion 
for the Model DB. 


No. 67940—Beckman Potentiometric Recorder.............$475.00 
No. 68438A—Wavelength Drive Accessory. ..........00000: $75.00 


Ask your S/P Representative for complete specifications, or write... 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston * Chicago » Columbus + Dallas - Kansas City 
Los Angeles + Miami « Minneapolis - New York * San Francisco » Washington 


Export Department—Flushing 58, L. I., 


New York. In Canada: oo age ge esgzesensi Supplies Limited. 


In Mexico: Hoffmann-Pinther & Bosworth, S. 
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ANALOG COMPUTER 
tem BY ROOLADO 


THE FIRST SMALL COMPUTER WITH 
BIG COMPUTER PERFORMANCE 


e ANALOG COMPUTING 


Program it for | . sigNAL GENERATION 


* DATA REDUCTION 


The Donner 3500 brings all the versatility of big general- 
purpose analog computers right to your desk or bench. 
And it’s practical for more than computing. 


Here’s Why: it’s small and portable (23 lbs); precise 
(0.1%); contains 10 amplifier channels; is reasonably 
priced ($1200-$1800) and convenient. By repatching, 
you can use it in the lab as a versatile signal generator, 
for data reduction or signal conditioning at test Sites, 
and as a general purpose computer in the classroom, field, 
or at your desk. 


As A Computer— Up to three 3500’s can be slaved together, 
giving big, 30 amplifier computer performance in a small 
package. Chopper stabilized amplifiers and 0.1% com- 
puting components assure high precision over full 100 
volt range. A complete line of accessories lets you solve 
non-linear equations or equations with non-constant co- 
efficients. For teaching, a single 3500 can be used simul- 
taneously by two groups of students without mutual 


interference. Two detachable problem boards, each con- 
trolling half the computer, replace the standard problem 
board for this purpose. 


As A Signal Generator—Re-programming the problem 
board converts the 3500 to a signal generator, simulta- 
neously forming sine, cosine, square and triangular wave- 
forms of high precision. You can also use the 3500 as a 
constant current or constant voltage power supply and a 
low frequency wave analyzer. 


For Data Reduction— The 3500’s amplifiers are easily pro- 
grammed at the problem board for signal conditioning 
or data reduction. By simply removing a few screws, the 
problem board tilts up for mounting the 3500 in the 
instrumentation rack. Remote control feature allows data 
to be controlled at the test site. 


Want More Information? Your nearby Donner engineering 
representative will be happy to give you complete infor- 
mation on the 3500 and arrange a demonstration. Or 
you may write Department 98. 
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CONCORD, CALIFORNIA MUlberry 2-6161 








GET READY FOR THE SPACE ana SCIENCE ERA! SEE SATELLITES, MOON ROCKETS aor uP fo 


“AMAZING SCIENCE BUYS. 


*,for FUN, STUDY or PROFIT 














American Made — Terrific Buy! 
<a Over 50% Saving 
STEREO MICROSCOPE 


Years in development. Precision Amer- 
ican made. Used for checking, iut- 


specting, small assembly work. 

to 3” working distance. Clear, sharp, 
erect image. Wide, 3 dimensional 
field. 2 sets of objectives on rotating 
turret. 23X and 40X. 10 Days Free 
Trial. 

Stock No. 85,056-W  __...... $99.50 





f.o.b. Barrington, N.J. 
Photographers! This is an 
Low Power Supplementary Lens Attachment for above ff Of the moon taken through 
Stereo—provides 15X down to 6X with clear, extra large 
1%” field at 6X 

Stock No. 30,276-W 





NEW! GRAPH RUBBER STAMP 


Real 


War Surplus America 


time and labor saver for math 











Telescope by a 17-year student. 





See the Stars, Moon, Planets Close Up! 


3” ASTRONOMICAL REFLECTING TELESCOPE 
60 to 180 Power. An unusual Buy! Famous Mt. Palomar Type 


ASSEMBLED 
AND 
READY TO USE! 


You'll see the Rings of Saturn, the fascinating planet Mars, huge 
craters on the Moon, Star Clusters, Moons of Jupiter in detail. 
Galaxies! Equatorial mount with lock on both axes. Aluminized and 
over-coated 3” diameter high-speed f/10 mirror. Telescope comes 
equipped with a 60X eyepiece and a mounted Barlow Lens, giving 
you 60 to 180 power. An Optical Finder Telescope, always so 
essential, also included. Sturdy, 

with Scope:—Valuable STAR CHART _ plus 
“HANDBOO OK OF HEAVENS” plus “HOW TO USE YOUR 
TELESCOPE’’ BOOK. 


Stock No. 85,050-W 


4/4” Reflectin 
Stock No. 85, 


actual photograph $29.95 Postpaid 


our Astronomical 





q Fa ate to 255 th) all-metal pedestal mount. 


F.0.B. Barrington, N.J. 






WAR SURPLUS!—INFRARED SNOOPERSCOPE 
Govt. Cost $300—Bargain at $39.50 


n-Made 7x50 Binoculars 








pachers " . Big savings! Brand new! Crystal 

wasp csr if your tests peuwire. graph clear viewing—7 power. Every opti- 

backgrounds—no need to attach separate § cal element is coated. An excellent c és dai at isible leht. 

sheets of graph paper and worry about § night glass—the size recommended Senin . sa bt a without pane 

keeping them straight. Simply stamp a @ for satellite viewing. Individual eye seen: tse so lab, tastes eiasavoom: 

graph pattern, 3” square as needed on ee ee pupil 7mm. Approx. she etc." Completely ' portable. Operates 

each paper. Grading graph problems then OK nan: yet ft Cc ce oO on two flashlight batteries (not in- 

become 100% easier. Stamps are 3” normally co ‘$195. Our ef pat cluded), Image ‘is quite good, may 

square overall—2 different patterns. price saves you real money i - apres bette 7 ay Weil 

sing. ¥ 8 
Stock No. 50,255-W (100 blocks) --....--.. $3.00 Postpaid B stock No. 1533-W ...--.---------- Only $55.00 Postpd. with carrying case 12 Ibs. ed light s 
Stock ae. Be, 351-W_ (16 blocks) ~...-___ “ ~ oneale : i furnished. (See below). 
Polar Coordinate Graph Stamp—3” D (Tax included) 


Stock No. 50,359-W $8.00 ‘Postpaid 






















OFFSPRING OF SCIENCE .. . REALLY 
BEAUTIFUL! CIRCULAR DIFFRACTION- 
; GRATING JEWELRY 















Terrific Buy! American Made! 
OPAQUE PROJECTOR 





Stock No. #5,098-W $39.50 f.o.b. Barrington, N. J. 
INFRARED LIGHT SOURCE AVAILABILITY! 
Uses 6-volt transformer or 6 V auto battery 
Stock No. 80,035-W 


to operate. 
$10.00 Postpaid 





Projects illustrations up to 3” x 344” 
- 7 and enlarges them. No film or nega- 
Shimmering rainbows of gemlike color tives needed. Projects charts, dia- SCIENCE TREASURE CHESTS 
in jewelry of exquisite beauty—made grams, pictures, photos, lettering in 
with CIRCULAR DIFFRACTION- Stias an 115 aga cago "Ben extension cord and For Boys—Girls—Adults! 
RATING REPLICA. Just as a s include rates 6 ; ; ied 
G plug included. Oper 60 watt bulb, not included. Excellent ‘Science Fair’? Material! 
prism breaks up light into its full Size ae 5: Seat wide. Weight 1 Ib., 2 oz. Plastic xcotlen erence. Curr . 
os va ‘ ease with built-in handle 
range of individual colors, so does Science Treasure Chest — Extra-powerful 
the diffraction grating. Promises to 9) Stock No. 70,199-W —......-2-222-2. LLL $7.95 Postpaid magnets, polarizing filters, compass, one- 
bec 2 a rage eae as way-mirror film, prism, diffraction grating, 
yecome a rage in current fashion. and lots of other items for hundreds of 
Stock No. 30,349-W Earrin thrilling experiments, plus a Ten-Lens Kit for making 
Stock No. 30. 350-W telescopes, microscopes, ete. Full instructions included. 
ANALOG COMPUTER KIT Bteek, NO) FORA W oa ie eee cn re $5.00 Postpaid 



















































Shunt tineGeents , : Science Treasure Chest DeLuxe—Everything in Chest 
« al ntroduction to the increas- above plus exciting additional items for more advanced 
ingly important electronic com- experiments including cyrstal-growing kit, electric motor, 
16” VISIBLE MAN KIT Bee eta latin prieht Habel molecular model set, first-surface mirrors, and lots more. 
anyone erestec his new 
Amazing! You look right through it! ; — science. Demonstrates basic analog ras thdchs eal! eh d Akcevitaecwnbs 
Zeveals the wonders of the human body computing principles -can be used for multiplication, 
in exact scale, with all vital organs pre- division, powers, root s log operations, trig problems, 
cisely detailed. Authentic laboratory J P! el Let gud magnetism problems. 
- Pree po pt . aioe fol oF ssemblec a ewdriver and pliers, perates 
ann gage Rm ge ee on 2 flashlight batteries. Electric meter and 3 potentiom- EXECUTIVE LEVEL ADULT GAMES 
parts-within-parts assembly permits ex- eters are mounted on die-cut box. Answer is indicated " 
amination of respiratory system, cham- on dial. Computer is 20” long, 9” wide, 2” deep. her iage ep tickeimbe 9 pede, my 
" » ha: wine af soem > aay ni anc son. MANAGEMENT, 
Piet ones! EEN oRae por cei Stock No. 70,341-W -......-.2-..------ $14.95 Postpaid game of business practice, duplicates 
inspection. Just 16” high when assembled, problems and practices of corporation 
but compares favorably with expensive management. GETTYSBURG, the 
hand-made medical school models. Ideal fight-it-yourself war samo, leis you 
for ites searchers, labs, doctors, teachers, re-fight the famous Civil W ar battle 
students, hobbyists. Base and 12-page Take Telephoto of Gettysburg (and the South can 
INTRODU CTION TO ANATOMY included. : ‘ win) ! TACTIC 8 II, the military 
Shots Thru strategy game, develops your tactical skill, initiative, and 
Shock Me. 70,208 W oe ee $4.98 Postpaid military logic in_ realistic combat situations, All games 
are complete with playing boards or maps, instruction 
7 x 50 books, and all necessary accessories. 






NEW BINOCULAR-TO-CAMERA HOLDER 


MANAGEMENT—Stock No. 70,287-W _...$4.95 Postpaid 


MONOCULAR 













Will Fit Any Camera GETTYSBURG—Stock No. 70,284-W -...- 4.95 Postpaid 
For Exciting Telephoto Pic- § This is fine quality, American made instrument—war § TACTICS I—Stock No. 70,286-W ....--. 4.95 Postpaid 
tures. Bring distant objects surplus! Actually % of S. Govt. 7 x 50 Binocular. Used 
7 times nearer with a 35mm for general observation both day and night and to take 







x50 binocular fe 


BINOCULAR-TO 


camera, 
our NEW 


inating telephcto shots 
value. Due to Japanese 


7x and 








CAMERA HOLDER. | Ideal at a bargain price. Directio 
for long-range shots of wild 
life, ships, people, vistas. Stock No. 50,003-W --- 
ee and binoculars attach 

asily, .Use .any binocular or 


tnoneo ular—any camera, 


or movie. Take color or black and white. Attractive gray 





































with your camera. Brand new, 
competition we close these out 
ns and mounting hints included. 


$15.00 Postpaid 


FREE CATALOG! 


Optics for the Science Class! Optics for the 


128 PAGES! OVER gs 
1000 OPTICAL BUYS! 


Space Eral 





Wt enam 





OrrTics... 
crinkle and bright chrome finish. 10” long. Full IFE Sl \ aad 
directions for taking telephotos included. LIFE SIZE HUMAN SKULL Huge selection of lenses, 
oe ee - ‘ prisms, war surplus op- 
Sreck Ne. 70;228-W ooo ee $11.50 Postpaid Invaluable educational aid! Fascinating tical instruments, parts 
conversation piece! Skull is anatomically and accessories. Tele- 
correct—made of natural bone color, bone scopes, microscopes, 
hard, lifetime plastic. Parts snap_ to- binoculars, infrared 
SCIENTIFIC ENCYCLOPEDIA gether—take apart. Spring-action lower sniperseope, ite. pe 
Over 1800 pages! 1400 illustrations—over 2,000,000 jaw. Removable skull cap for examination 9 cost Science and Math 
words—100,000 definitions—14,000 separate articles. If of skull cavity, nasal passages. ete. Learning and Teaching 
you're scienee-minded—you’ll drool over it! Wealth of for scientists, doctors, dentists, teachers, 
useful information on Seience, Math, Engineering, students, artist Stand and Instruction and Anatomy 
Chemistry, Physics 8% Ibs—size 9” x 11”. Chart included. Request Catalog W. ok 
Stock No. 9287-W $29.75 Postpaid % Stock No. 70,294-W -....-....----.-...- $4.95 Postpaid Easy Payment Plan Available! Details with Catalog! 








ORDER BY STOCK NUMBER .SEND CHECK OR 


EDMUND SCIENTIFIC 
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MONEY ORDER. SATISFACTION GUARANTEED! 


€O.,BARRINGTON, NEW JERSEY . 
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Pulse-Height-to-lime Conversion 
Multi-Channel Analyzer 


54950 






features 


Low Cost 
100-Channel 
Analysis with 
20-Channel-Group 
Readout 


MODEL PHA /20 


100-Channel Pulse Height Analyzer 


Serviced by RCA Service Co. 


A-2383A 


The Victoreen Instrument Company 


5806 Hough Avenue ¢ Cleveland 3, Ohio 
Export Department, 240 West 17th St., New York 17, N. Y. 


Cable: TRILRUSH, New York 
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One glance at the vast array of rate- 
meters on the market today and you ean 
readily realize the growing importance of 
these instruments for use in radioisotope 
laboratories and clinics. To help select 
the one best ratemeter for you from. this 
bewildering variety of models, a simple 
seven-point check list has been developed. 
Before making a decision, consider these 
points carefully: 

1. Range and Number of Scales 

2. Range and Number of Time 

Constants 
3. Stability and Range of the 
High Voltage Supply 
. Stability of Calibration 
. Low Zero Drift 
. Functional Design 
Cost 

When you examine the Tracerlab line, 
we believe you will find that for versatil- 
ity, quality, ease of operation, precision 
and real value, you simply can’t beat 
Tracerlab Ratemeters. 

For example, Tracerlab’s standard 
laboratory ratemeters offer a choice of 
nine full-scale ranges from 0-100 ¢.p.m. 
all the way up to 0-1,000,000 ¢c.p.m. with 
intermediate ranges in multiples of 3 and 
10. This extremely wide choice of ranges 
provides the versatility you require in 
selecting the optimum range for any 
given application. 

Number and range of time constants 
is important, too (Tracerlab’s standard 
laboratory ratemeter has eight), Very 


1080 


AOap 


Let’s Talk About 
RATEMETERS... 








Pictured left to right: Transistorized Dual Ratemeter; SC-80 Ratemeter Spectrometer; SC-79 Tracermatic Ratemeter and Model SC-91 Scaler-Ratemeter. 


short time constants on the upper range 
scales permit rapid response with no sig- 
nificant increase in probable error while 
longer time constants on the lower ranges 
will damp out most of the statistical fluc- 
tuations common to these count rates. On 
the higher ranges a minimum time con- 
stant of 0.05 seconds is provided, while 
for low count rates, a 40 seconds time 
constant is available..Tracerlab Rate- 
meters have stability of calibration and 
zero drift is virtually eliminated. 

The ratemeter you select should have a 
precision high voltage power supply with 
a high degree of regulation to insure 
negligible output voltage changes when 
input voltage varies. The power supply 
output voltage of Tracerlab Ratemeters 
changes less than 0.003 % for a 1% change 
in input voltage. As a result, they can be 
used with scintillation as well as geiger 
detectors. What’s more, you don’t need 
to buy an additional power supply when 
you use a Tracerlab Ratemeter with a 
Spectrometer. Why? Because standard 
equipment on all Tracerlab Spectrom- 
eters includes a super regulator that pro- 
vides all the additional stability your 
Tracerlab Ratemeter power supply needs 
for precision spectrometry. 


Should you require an unusually com- 





fr aC C. T lab fro i measurement 








pact, low power, dual channel Rate- 
meter with the operating benefits of solid 
state circuitry, Tracerlab offers an all- 
transistor instrument. This light weight 
precision built unit provides both linear 
or log response, plug-in construction, dual 
power supply and, when desirable, a 
Spectrometer input. Very low power con- 
sumption and heat dissipation contribute 
substantially to the long life and relia- 
bility of these fully transistorized units. 

Tracerlab also offers a Basic Ratemeter 
and Laboratory Monitor, a compact in- 
strument of simple circuitry designed for 
laboratory use and 24-hour-per-day op- 
eration. 

Last, but by no means least, Tracerlab 
Ratemeters are low in cost, yet they in- 
corporate numerous hidden plusses and 
extra values. Their inherent quality and 
advanced design is the result of years of 
specialization in nuclear instrumentation. 
A large staff of nuclear applications engi- 
neers and a world-wide network of au- 
thorized service representatives back up 
all claims made for satisfactory and last- 
ing performance. 

For further information on Tracerlab 
Ratemeters and the complete line of 
Tracerlab nuclear instruments, write for 
General Catalog F. 


TRACERLAB, INC. - 1609 Trapelo Rd., Waltham 59, Mass. » 2030 Wright Ave., Richmond, Calif. 
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UP-TO-DATE LABORATORIES DEMAND MODERN INSTRUMENTS 












There is no room in the modern research laboratory for a po 
the now obsolete methods and instruments of yesterday. s 





METTLER balances are outstanding examples of mod- 
ern instrumentation. They are: 


ee ee oe 


® very precise 


gla. Aitie 


e simple, fast and convenient in 
operation 


e well designed and of sturdy 
construction 





: They are available in a full line from the micro balance 
to units weighing in the kilogram range. 


Write today for the complete file on 
the modern Mettler balances. 


METTLER INSTRUMENT CORPORATION 


P. 0. BOX 100, PRINCETON, NEW JERSEY 
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New Coleman pH Meter features 
simple controls,O.05 pH accuracy 


Practical, precise pH measurement is easiest with 
Coleman's new Companion pH Meter. Here’s why: 


ACCURACY: Within 0.05 pH. 


SIMPLICITY: Human-engineering pays off in greatest 
convenience. Three controls cover all instrument 
functions—only one control is needed for routine 
measurements. No uncertain push-buttons to fuss with. 


STABILITY: Zero-restoring circuit makes instrument 
completely drift-free. 

READABILITY: Widest practical scale (614 inches) 
permits easy, direct reading to 0.02 pH. Mirror- 
backed panel permits easy, parallax-free reading. 
VERSATILITY: Measures both pH and milli-volts; 
ranges: 0-14 pH and 0-1400 mv. Simple accessories 
adapt instrument to Karl Fischer titrations and auto- 


COLEMAN INSTRUMENTS, 


matic temperature compensation in just a few sec- 
onds. Potentiometer or current type recorders plug 
directly into back panel. 


PRACTICALITY: Companion uses famous Coleman 
screw base glass and reference electrodes. No need 
to buy additional ‘‘small sample assemblies” . . . these 
electrodes require only 3.5 ml sample and can be 
used in containers as small as a 10 ml beaker. Acces- 
sory adapter permits use with alien electrodes. Line- 
operated (100-130 volts, 50/60 cycles) with full volt- 
age stabilization. 

ECONOMY: Realistically priced at $300.00. 

Find out how the simplified controls and advanced 
circuitry of the new Companion can help save money 
in your laboratory—ask for a demonstration, or write 
for a copy of Bulletin SB-267. 


Pewee me y WOOD, ILLINOIS 





1082 


SCIENCE, VOL. 132 





Biles and 








tally in addition 
‘operation, upper and lower base line levels are independently 
variable over a 100-volt range — allows selection of a wide range 
_ of pulse amplitudes and cuts out very high and very low level 
noise; standard instrument has all controls necessary for any 
scintillation counting technique including provision for addition 
of base line scan drive (drive available in kit form); circuitry — 
based on a combination of well proven techniques ~~ is completely 
hand wired for maximum reliability and ease of service. 
Full details on the pace-setting Model 250 are now available from 
your Baird-Atomic sales and service representative. Offices in 
principal cities —-- write, wire or phone today. 


biles and service offices in: CAMBRIDGE, NEW YORK, ADE . PITTSBURGH, CLEVELAND, WASHINGTON, D.C., ATLANTA, DALLAS, CHICAGO, LOS ANGELES, SAN FRANCISCO, OTTAWA, CANADA, 


arg) SAIRD-ATOMIC, ING. 


JF university road + cambridge 3E mass. 








APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add 2 comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 





Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
3elmont Plaza 8.50 14.00 15.50 80.00 and up 
Waldorf-Astoria 10.00 16.00 18.00 45.00 and up 











* All rates are subject to a 5% New York City tax on hotel room occupancy. 


i pm sen sk I THIS IS YOUR HOUSING RESERVATION COUPON -—.————~~—~—~-~—-~- 


AAAS Housing Bureau 
90 East 42nd Street 


Date of Application 
New York 17, N.Y. 


Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 


TYPE OF ACCOMMODATION DESIRED 


panole IROOM 5 aicie Nees es Houpie-Bedded Room 53. a een Twin-Bedded Room 


BMI oo. 5c ace eee Desired Rate Maximum Rate ... 
(Desired rate and maximum rate apply only to suites) 


Number in party . Sharing this room will be: 


(Attach list if this 





space is insufficient. The name and address of each person, including yourself, must be listed.) 


DATE OF ARBRIVAG cin oir bis. dean ds : EPA WIR. SEPP ES hs APs Ca ale PUG RNG SHU SGAIS 0 ols oie Paonia aos 
(These must be indicated—add approximate hour, A.M. or P.M.) 

AME... Scotter RCA he hy a con ie uate te’ 66 ers ew 0/686 Se Rais be Beers tee EP cs ate EMRIs Cary carla aiecd elke. 6 ble Siela eal esa 
(Individual requesting reservation) (Please print or type) 

ADRESS eee ee ee ON in tie ce eR RE See SS, Riches sd eb Sia ae ae TARO ARR CTR) Se CITE ee 
(Street) (City and Zone) ; (State) 

Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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J.T. BAKER 


A page to clip for your files! 


ORGANIC SOLVENTS ax on 


LIQUID ORGANIC CHEMICALS 


... important in the Baker ‘‘Line of Progress”’ are an increasing number 
of organic chemical compounds 








LISTED BELOW are 86 of the most important organic 
solvents and other liquid organic chemicals in laboratory 
use today. All are manufactured to J. T. Baker’s exacting 
standards of quality, and are available in the grades 
indicated. 56 of these organics are offered in the ‘Baker 
Analyzed’ Reagent grade to provide an exact definition 
of purity on the label by means of the Actual Lot Analysis. 
‘Baker Analyzed’ Reagents offer you the highest standards 
of purity and most informative labeling in the industry. 


Grade designations appear in parentheses: (R) for ‘Baker Analyzed’ Reagent . . . (P) for Purified 
«. . (USP) for U. S. Pharmacopoeia . . . (NF) for National Formulary . .. and (T) for Technical. Most 
J.T. Baker organic liquids are bottled volumetrically to utilize standard 1-pint and 5-pint containers. 


Acids, Anhydrides, 
and Acid Chlorides 
Acetic Acid (R, USP) 
Acetic Anhydride (R) 
Acetyl Chloride (R) 
Benzoyl Chloride (R) 
n-Butyric Acid (P) 
Formic Acid (R) 

Lactic Acid (R, USP) 
Oleic Acid (USP) 
Propionic Acid (R) 


Alcohols, Glycols, and Phenols 
Alcohol, Specially Denatured (R) 
iso-Amyl Alcohol (R) 

n-Amy! Alcohol (R) 

tert-Amyl Alcohol (R, P) 

iso-Butyl Alcohol (R, P) 

n-Butyl Alcohol (R) 

tert-Butyl Alcohol (R) 

Cresol (USP) 

Cyclohexanol (R) 

Ethylene Glycol (R, P) 

Glycerol (R, USP) 

n-Hexanol (R) 

Methanol (R, P) 

2-Octanol (P) 

Phenol, Liquified (USP) 
iso-Propanol (R) 

n-Propanol (R) 

Aldehydes and Ketones 


Acetone (R, NF) 
Benzaldehyde (NF) 


Cyclohexanone (P) mono-Bromobenzene (R) 
Formaldehyde Solution (R, USP) Bromoform (P) 
Furfural (R) Carbon Tetrachloride (R, NF, T) 
Methyl iso-Butyl Ketone (R) Chlorobenzene (R) 
Methyl Ethyl Ketone (R, P) Chloroform (R, USP, T) 
Paraldehyde (USP) Ethyl Bromide (R) 
® Ethyl lodide (R) 

—_ Gnd Amines Ethylene Dibromide (P) 
Aniline (RP) Ethylene Dichloride (P) 
N, N-Dimethylaniline (R) . 

es Methyl lodide (R) 
Dimethylformamide {R) Methylene Chloride (R) 


Formamide (P) 
Pyridine (R, P) 
Triethanolamine (NF) 


Tetrabromoethane (P) 
Tetrachloroethane (P) 
Tetrachloroethylene (T) 


Esters Trichloroethylene (R, P) 
iso-Amyl Acetate (P) Hydrocarbons 
n-Butyl Acetate (P) Benzene (R, P) 
Ethyl Acetate (R, NF) Cyclohexane (R) 
Methyl Acetate (P) Methylcyclohexane (P) 
Methyl Formate (P) Petroleum Ether, 20-40°C. (R) 
Methyl Salicylate (USP) Petroleum Ether, 30-60°C. (R) 
iso-Propyl Acetate (P) Petroleum Ether, 30-75°C. (R) 
n-Propyl Acetate (P) Petroleum Ether, 60-110°C. (R) 
Toluene (R, P) 

ethers Xylene (R) 
Butyl Ether (P) ‘ 
Dioxane (T) Miscellaneous Compounds 
Ether (R, NF) Acetonitrile (R) 
Ether, Anhydrous (R, P) Carbon Disulfide (R, T) 
mest aay Dimethyinctfonide (R) 

i] 
Tetrahydrofuran (R) Nitrobenzene (P) 
Halogenated Hydrocarbons o-Nitrotoluene (R) 
Benzyl Chloride (R) Tri-n-butyl Phosphate (P) 


If you would like a copy of the above 
listing for desk use as well as list- (7~\ : 
ings of solid oxganic chemicals and = jtBaker J.T. Baker Chemical Co. 


genic agents offered by Baker, just rat, Phillipsburg. New Jersey 


send a postal card to our Dept. E 
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UNDE FURNITURE 
FOR MODERN LABORATORY THINKING 
Interchangeable units available for immediate delivery 


The modular concept in laboratory furniture permits you to have the flexibility you need 
for greatest lab efficiency. 
First introduced by Fisher in 1945, Unitized Furniture makes no compromise with 


quality. Workmanship, material and finish are of the highest standards. tind 


FISHER 
Send for your copy of the 28-page catalog and planning SCI E NTI F ic 


guide. The catalog is not only a useful handbook of 

furniture, but an excellent source of lab planning. World’s Largest Manufacturer-Distributor of 

Dimensions and photos for every unit. Write for your copy. Laboratory Appliances & Reagent Chemicals 
Boston « Chicago * Ft. Worth » Houston » New 


139 FISHER BUILDING, PITTSBURGH 19, PENNSYLVANIA York « Odessa « Philadelphia + Pittsburgh 
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SCIENCE, VOL. 132 





32 








Another Econo-Cage First! 
Unbreakable Clear Cages 
Can Be Autoclaved 


The new ECONO-CAGE #27 is clear, can be auto- 
claved, and cannot be broken. This remarkable new 
unit combines the optical and thermal properties of 
glass with the strength properties of the new thermo- 
plastics. Econo-Cage #27 affords perfect visibility, a 
heat distortion point of 280°F., and impact resistance 
unmatched by any other clear material. 


The Material 


Extensive testing of new plastic materials reveals 
that polycarbonate resin (a linear aromatic polyester 
of carbonic acid) has properties ideally suited to the 
requirements of animal care and research. 

The material has very high impact strength. Unlike 
most plastics, it does not shatter under high energy 
impact by sharp objects, such as bullets. Thin wall 
sections do not break after repeated hammer blows. 

Polycarbonates retain tensile strength and impact re- 
sistance from well above boiling down to —40°C. The 
material has a very low absorption level, increasing in 
weight only 0.3% after 24 hour total immersion in 
water. The material does not absorb odor producing 


gases. 
The Cage 

The overall dimensions of Econo-Cage #27 are 
11%” by 7%” by 5” deep. It is one of “#20 series” 
Econo-Cages designed primarily for mice. The cage 
uses lids #22A, #22B, #22C, and 4$22D. 

The cage sides have a 3° draft and four side ribs to 
permit easy stacking and nesting. The ribs also per- 
mit steam to circulate inside of nested cages during 
autoclaving. The cage bottom is supported by four 
feet. 

Pclycarbonate Econo-Cage {27 will undergo re- 
peated sterilizing at 250°F. for fifteen minutes without 
distortion. The cage has excellent resistance to most 
acids and fair resistance to basics. 


Distributors 


The complete Econo-Cage line is available exclu- 
sively through the following distributors: 
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Econo-Cage #27 with Lid #22D 





ALOE SCIENTIFIC W.H. CurTIn & Co. E. H. SARGENT & Co. ARTHUR H. THOMAS Co. 
BRAUN-KNECHT-HEIMANN Co. FISHER SCIENTIFIC SCENTIFIC PRoDUCTS THE WILL CORPORATION 
Maryland Plastics, Inc. © Econo-Cage Division Federalsburg, Maryland 
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FOR WHOLE BODY COUNTERS + BIOLOGICAL ASSAYS + FALLOUT ANALYSES 
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FOR QUALITATIVE AND QUANTITATIVE ANALYSES 





FOR REACTOR CONTROL DESIGN « 





and for other areas 
of research involving 
pulse or time measurements... 





THE TMC MULTICHANNEL ANALYZER 
MODEL CN-110 


First and finest of all transistorized multichannel analyzers, the 
CN-110 is now widely used throughout the U.S., Canada and Europe. 
Its interchangeable plug-in logic, 256-channel basic computer and 
associated data handling units are unconditionally guaranteed 

for two full years and backed by an unequalled service policy. 

Call or write for complete specifications. 


Te TECHNICAL MEASUREMENT CORPORATION 
441 WASHINGTON AVE., NORTH HAVEN, CONN. « CE 9-2501 
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SCIENCE 


Difficult Decisions 


If you can’t do everything you want to do, how do you decide 
what to do? For an individual, such decisions are comparatively easy 
—a washing machine instead of a Deepfreeze or both in some order 
of priority: a washing machine this year, a Deepfreeze next year. For 
the individual scientist a similar system of choice must prevail; he 
gives one experiment priority over another. 

The decisions become more difficult to make in assigning experi- 
ments for large and expensive equipment. More people want to 
schedule experiments for a big synchrotron or a nuclear pile than 
time permits. Who is to decide how to allocate experiments? One 
solution would be to build enough synchrotrons and nuclear piles so 
that all worthy projects could be carried out promptly. But decisions 
of this kind have to be made at the national level. Shall we build this 
additional equipment or an oceanographic vessel? Or a radiotelescope? 

Perhaps no scientific activity poses these questions in clearer form 
than does the exploration of space. The lead time for planning experi- 
ments and the vehicles to launch them is several years. The equipment 
is expensive, and it can be used only for one group of experiments. It 
is as though an oceanographic vessel would be able to set up only one 
buoy equipped with numerous instruments and would then explode: 
one ship, one set of experiments. 

The decisions in this field have had to be mace by the National 
Aeronautics and Space Administration (NASA). No perfect mechanism 
for decision making exists, but NASA has worked in close liaison with 
the National Academy of Sciences—National Research Council’s 
Space Science Board and the President’s Science Advisory Committee, 
as well as with panels of scientists from outside the government. 

One of the major decisions that had to be made early was whether 
or not to launch a crash program to overtake Russia in the brute force 
competition in spatial weight lifting. NASA decided instead to develop 
a well-balanced scientific program and has recently laid out a ten-year 
schedule to accomplish its aims, which will include the development 
of high-thrust vehicles. 

Although most of the projects seem to most scientists to be in good 
balance, one in particular is criticized. This is the Mercury or man-in- 
orbit project, which has been given a top priority. The argument 
against this undertaking is that the yield of scientific information from 
a man in low orbit will probably be less than that attainable by 
substituting for a man and his supplies an equivalent weight of in- 
struments. Here is a prime example of a difficult decision. Granted 
that the immediate scientific results of launching a manned satellite 
will not be as great as those obtainable by other means, is this the 
overriding consideration? The NASA decision can be defended on two 
grounds. Sooner or later man is going to go deep into space—say, to 
the moon or Mars—where he can contribute much to the scientific 
results, and exploratory flights over short periods of time are essential 
first steps. Furthermore, the United States does not exist in a political 
vacuum; it cannot afford to lag far behind the Soviet Union in getting 
a man into orbit. 

That all decisions made in so vast an enterprise as the exploration 
and exploitation of space will satisfy everyone is obviously too much 
to hope for. That in the first two years of its existence NASA has 
done as well as it has in balancing all factors—political, psychological 
and scientific—is ground for congratulations.—G.DuS. 
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Made in America, 


to the world’s highest standard 


BAUSCH & LOMB INCORPORATED 
75910 Bausch St., Rochester 2, N.Y. 


(2 Please arrange a free laboratory demonstration 
at my convenience. 


(] Please send Catalog D-15 with complete in- 
formation on B&L StereoZoom Microscopes. 
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See it anywhere 
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3.5X and 120x 


With Bausch & Lomb StereoZoom® 
Microscopes, just turning a knob gives 
you an infinite number of repeatable 
magnifications within the range 
selected. Powers available from 3.5 
to 120. 


And, a new “Power Pod” optical design 
completely encloses the optical system 
in a single unit—keeps out dust and 
dirt, eliminates annoying image jump 
and blackout. 


Why not see today’s most versatile 
microscope soon in a free laboratory 
demonstration. 
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CURRENT PROBLEMS IN RESEARCH 


New Developments in 


Hail Research 


Artificial production of hailstones leads to advances 
in the understanding of their natural formation. 


Men have long been curious about 
the natural phenomenon of hail, and 
it is therefore not surprising to find 
that hailstones have become the object 
of intensive study among scientists dur- 
ing the last century (1). What is 
astonishing is, rather, the variety of 
observational material collected and 
the conclusions derived from it. As a 
result of wars on the continent of 
Europe, however, a large part of this 
knowledge has been lost, and although 
leading centers of research have been 
built up in England and the United 
States, their traditions do not go back 
so far. A perusal of the scant state- 
ments about hail formation in the 
standard work The Physics of Clouds 
(2) makes this situation quite clear. 

Where observational material was 
lacking there was all the more imagina- 
tive speculation about the way in which 
hail is formed. The first major hail 
theory in mathematical form was given 
by Schumann in 1938 (3). Although 
it has not been borne out in every 
detail, it contains most of the assump- 
tions necessary for a procedure of this 
kind. Subsequent work has pointed 
out very little that is new in this respect. 
On the contrary, further development 





The author is head of the hail section at the 
Swiss Federal Snow and Avalanche Research 
Institute, Weissfluhjoch-Davos, Switzerland. 
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Roland List 


has tended to be trivial, degenerating 
into mere exercises in calculation based 
on apparently reasonable assumptions. 
The effects and countereffects that 
have been calculated have led to a 
series of propositions and counter- 
propositions, all of them the work of 
the same researchers, who can con- 
tinually invoke them to demonstrate 
the correctness of this or that point of 
view. 

It is consoling that nature has al- 
lowed unforeseen and surprising dis- 
coveries to be made, which result in the 
more or less complete collapse of these 
proud intellectual constructions. 


Research Methods of the 
Hail Research Station in Davos 


It was, in fact, dissatisfaction with 
the whole development of hail research 
that led to a fundamentally new ap- 
proach to all the problems on an ex- 
perimental, physical basis. Existing 
publications were duly taken note of 
but not used as a foundation—a pro- 
cedure which turned out to be fully 
justified. 

The aim of research at Weissfluhjoch 
is to clarify understanding of the at- 
mospheric conditions that lead to the 
formation and growth of hailstones. 


SCIENCE 


There can be no question, because of 
the extraordinary risks involved, of 
measuring by airplane the unknown 
parameters in an actual storm cloud 
with hail: the air temperature, the air 
pressure, the free-water content in the 
form of drops, the magnitude spectrum 
and supercooling of the particles, the 
icing nuclei spectrum, the speed of up- 
currents, and the speed of hailstones 
telative to their environment. There- 
fore, other methods have had to be 
sought. 

To design sounding devices that will 
penetrate hail clouds presents equal 
difficulties, and there is no guarantee 
that these devices will rise through the 
most dangerous cloud zones. But of 
the conditions that prevail there, we do 
in fact have evidence: the hailstones 
themselves represent nothing less than 
the product of these conditions, and 
the largest hailstones bear witness to 
the strongest icing conditions. 

This means that it is useful to in- 
vestigate the structure and build-up of 
natural hailstones. What has_ been 
learned from such an investigation is 
presented in the next section. But 
when we look at the results, we see 
that we lack both the experience and 
the intuition to interpret the various 
signs and symptoms. We need still to 
make such experiments as will give 
us the knowledge upon which to base 
our interpretation. The apparatus that 
achieves an imitation of the icing proc- 
ess under atmospheric or even more 
extreme conditions is the Swiss hail 
tunnel. On the one hand, experiments 
that can be conducted .in this wind 
tunnel with variable climate give us 
information about the relation be- 
tween atmospheric conditions and the 
resultant ice deposit, and thus also 
provide the foundations for a modern, 
physical hail theory based not merely 
on reasonable but on correct assump- 
tions. The significance of this is dis- 
cussed in subsequent sections. On the 
other hand, these experiments offer 
the key to an interpretation of the way 
in which actual, collected hailstones 
have been built up. From the data ob- 
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Accretion of drops 





Fig. 1. Characteristics of the growth of 
hailstones. 


tained by this method it should be 
possible to extrapolate from the physi- 
cal space surrounding individual ice 
particles to meteorological space. How- 
ever, we have deliberately limited our- 
selves to the physical space of hail 
formation, for an understanding of the 
processes here is essential for a mete- 
orological hail theory that is also physi- 
cally correct and that takes account 
of the processes in nature. 


Origin and Build-up of Hailstones 


The location of the research institute 
at 2665 meters above sea level affords 
a unique opportunity for direct obser- 
vation of all phases in the formation of 
hail and for investigation of the ice 
particles peculiar to each phase. Of 
particular interest are those cases where 
two or more stages in the formation 
of hailstones and of the particles from 
which they originate can be observed 
together. The results of all these ob- 
servations are given in Fig. 1 and 
show the development from an_ice- 
forming nucleus into an ice crystal, 
then into a soft hail particle, then into 
“small hail,” and finally into a_hail- 
stone. There is an important difference 
to be noted between an 


increase in 
volume and an increase in density 
without increase in volume. This 


means that two growth phases can be 
spatially superimposed, so that the 
open ice framework of a graupel (soft 
hail particle) can be filled up at a 
later point in time with slowly freez- 
ing water, which may even remain 
partly liquid. This produces a small 
hail particle, about which more spe- 
cific details are given below. Subse- 
quent interpretation of hailstone struc- 
tures is, of course, complicated by this 
filling up of loose ice zones. There are, 
however, certain unmistakable signs 
which in many cases permit clear 


identification of two such superimposed 
growth phases. 





Fig. 2. Thin section saw. 
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At this point it should also be re. 
marked that various research workers 
are of the opinion that the formation 
of hailstones starts from drops of water, 
Indeed, there are sometimes in indi- 
vidual hailstones indications to support 
this point of view. In the majority of 
hailstones, however, graupels can quite 
clearly be recognized as the originating 
particles, and they can contain an ice 
crystal which in 50 percent of all cases 
can be identified—a crystal of dendritic 
form (4). There is no reason, there- 
fore, to modify the scheme shown in 
rig. 1. 


Characteristics of Hailstones 


Published works often give drawings 
and photographs of hailstones together 
with sizes, and sometimes also details 
about weight. But we find that figures 
are wanting as soon as we inquire 
about density. The earliest more or less 
reliable values for density were those 
obtained by me (5), while measure- 
ments were also made later by Vittori 
(6). These measurements, however, 
were not made on freshly fallen hail- 
stones but on hailstones that had been 
kept before and during measurement 
at a temperature below 0°C. This fact 
is of decisive importance, as was es- 
tablished only later (7), because the 
hailstones normally contain liquid 
water and thus exhibit a density 
greater than -that of ice. 

It is also important to indicate and 
classify the forms of hailstones, since 
their form is responsible, in the first 
place, for their aerodynamic behavior 
when falling and, in the second place, 
should permit conclusions to be drawn 
retrospectively about the conditions in 
which they originated. For it can in 
fact be clearly shown that the form of 
a hailstone represents a consequence 
of these conditions (8). But as dif- 
ferent growth phases can succeed one 
another: in the development of these 
ice particles, it is necessary to learn 
all the different forms through which 
a hailstone passes during its growth. 
For this purpose mere external obser- 
vation of the hailstone is no longer 
adequate; cross sections must be pre- 
pared in order to gain a picture of the 
inner structure. 

Here the methods devised by M. de 
Quervain (9) for research on snow 
proved to be invaluable. By means of 
a special circular saw (Fig. 2), ice 
sections 0.2 millimeter or more thick 
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Fig. 3. Thin section of hailstone No. K 57.15, with translucent light (real length of the 


figure, 3.1 cm). 


are cut out of the hailstones. A variety 
of such thin sections can be prepared 
from any given hailstone. When light 
penetrates these sections, the arrange- 
ment of the air pockets becomes visible, 
and from these the form at different 
stages of growth may be _ inferred 
wherever the air bubbles are arranged 
in onionskin-like layers. From_ the 
symmetry of the sections it is also pos- 
sible to recognize the oldest part of 
the hailstone (see Fig. 3). Similar re- 
sults are obtained from observing the 
crystal structure of the ice; for this, 
polarized light has to be used. Figure 4 
shows one such arrangement of indi- 
vidual ice crystals. Figures 3 and 4 
both show the same thin section. Fur- 
ther details about hailstone structures 
can be found in the references at the 
end of this article (4, 5, 10, J). 


Aerodynamics of Hailstones 


In every hail theory, assumptions 
must be made about the relative speed 
of hailstones in relation to their im- 
mediate environment. The obvious 
step was, of course, to idealize hail- 
stones as spheres and to use the values 
obtained in the field of aerodynamics. 
Some 25 years elapsed, nevertheless, 


before such data were used to calculate 


the speeds of fall of spherical ice par- 
ticles. Bilham and Relf (/2) then re- 
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peated the experiments on the coeffi- 
cients of air resistance for spheres, 
because the existing experimental data 
seemed to them to be too strongly 
affected by the turbulence in the wind 
tunnels that had been employed. Did 
they believe, perhaps, that in a storm 
cloud .with hail, particularly laminary 


mn ee : : 
Fig. 4. Thin section of hailstone No. K 57.15, with polarized light (real length of the 
figure, 3.10 cm). 


conditions would prevail? Despite a 
wide variety of contradictions, the cal- 
culations established by their work— 
calculations regarding the dependence 
of the speed of fall on the air density 
and the transition from laminary to 
turbulent flow resistance at the critical 
Reynolds number—were all adopted 
without exception. It is understand- 
able that Schumann (3) should have 
based his work on these calculations, 
since in 1938 the knowledge gained 
from boundary-layer theory was still 
neither far developed nor well known: 
but it is surely surprising that modern 
work should still rely without hesita- 
tion on these results. 

The great fallacy was to have ideal- 
ized hailstones as smooth spheres and 
then to have attributed to them the 
flow characteristics of such spheres. 
This procedure is not permissible since 
hailstones can be idealized as at best 
rough spheres. Flow is then turbulent 
at a much lower Reynolds number, 
and higher coefficients of air resistance 
result (also different heat-exchange 
values). Above all, calculations con- 
cerning the “aerodynamically condi- 
tioned” maximal diameter of hailstones 
are invalidated, since these are based 
on the shift in the separation point of 
the air stream along the sphere at the 
critical Reynolds number. 

But even with small ice particles we 
are dealing with the supracritical zone. 
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For this reason, therefore, it is neces- 
sary to measure the coefficient of air 


resistance on natural hailstones. The 
main forms in particular—for exam- 
ple, triaxial ellipsoids compressed along 
the shortest axis—have been measured. 
Figure 5 indicates the values obtained 
for hailstone No. K57.24 (weight, 24.3 
grams; specific weight, 0.908 gram 
per cubic centimeter; ratio of main 
axes, 1.0: 0.79: 0.44). It may be men- 
tioned here that a system of axes was 
in each case drawn through the hail- 
stones, such that axis i coincided with 


3 





the largest diameter and axis Js, with 
the smallest diameter of the ice par- 
ticle. Measurements were made only 
of lines lying in the main planes. Fig. 
5 shows the coefficients of air resistance 
Cw (where W = Cw*$8°v’* F/2), the 
projection plane of the hailstone against 
the air current F, and the appropriate 
speed of fall v thus obtained. Since not 
every direction of fall is stable, how- 
ever, further experiments were carried 
out in a water tank, and these showed 
that these types of hailstone fall paral- 
lel with the smallest axis. If we rep- 


resent the coefficients of resistance 3 
a function of the Reynolds number, 
then we obtain zones of the kind indi. 
cated in Fig. 6. Unfortunately, the wind 
tunnel being used was not adequate for 
obtaining higher values of Re, so the 
figures are exact (that is, experimen. 
tally substantiated) only for hailstoneg 
with a maximum diameter of 6 centi- 
meters. On the basis of Fig. 6, if we 
use values for Cw corresponding to the 
hailstone form, we obtain data for the 
speed of fall as shown in Fig. 7. Asa 


basis of comparison the curve (No. 1) § 


vO 10 2030m4 


mS 


FO 4 8cm 


fe 


CwO 


Fig. 5. Drag coefficient Cw, projection plane F, of hailstone No. K 47.24 in the direction of fall, and terminal velocity v in air, as 
a function of the position of free fall. Longest axes, Js; shortest axes, 1; medium axes, J». 
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which is valid for smooth spheres has 
also been entered and may be regarded 
as an extreme limiting condition. 

From all these statements it follows 
that, in terms of aerodynamics, natural 
conditions turn out to be much more 
favorable for the formation of large 
and heavy hailstones than deductions 
based on _ theoretical considerations 
would lead one to suppose. 


The Experimental Wind Tunnel 


All practical work hitherto has 
treated hailstones as temporally sta- 
tionary particles. As soon, however, as 
we want to examine their temporal be- 
havior in a cloud with supercooled 
water—that is, in conditions where 
they can grow—we must create artifi- 
cial atmospheric conditions of the 
kind that could occur in a storm cloud. 
This was accomplished by means of 
the hail tunnel, which is essentially 
nothing more than a wind tunnel hav- 
ing a closed circuit and an adjustable 
climate. Its construction is shown dia- 
grammatically in Fig. 8. The actual 
section used for experiments is a meas- 
uring place in which the test object is 
either suspended or “floated” (where 
this is possible). To indicate the main 
features of the tunnel’s performance 
the following figures may be given 
(15): temperature range, + 30° to 
— 65°C; maximum temperature change 
in either direction in 1 minute, + 25°C, 
provided that the air speed amounts to 
10 meters per second; maximum air 
speed, 80 miles per hour; free-water 
content of the air, up to 30 grams per 
cubic meter (that is, values consider- 
ably greater than are to be expected 
in a storm cloud); variation in the 
diameter of the drops, 1 to 100 mi- 
crons. The water can be supercooled 
according to need down to —35°C 
without its becoming frozen; spectra of 
the ice-forming nuclei are available. 

The conditions described can be not 
only produced but also satisfactorily 
measured and regulated—as a rule an 
even more complicated undertaking. 
The reason for this is that super- 
cooled drops of water moving with the 
stream of air freeze as soon as they 
encounter obstacles, whether these are 
measuring instruments or other ob- 
jects. An impression of the construc- 
tion of the plant may be gained from 
Figs. 9 and 10. Figure 9 shows the 
actual control unit, from which all ap- 
paratus is operated and all measure- 
ments and recordings are carried out. 
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In addition, the test object itself, the 
artificial hailstone, can be observed in 
its growth from the same place (the 
measuring place appears on the left 


' in Fig. 9) through a Plexiglas window. 


Figure 10 shows an ascending section 
of the wind tunnel below the measuring 
place, where the water is injected (at 
rear). On the right of the tunnel stands 
the refrigerating compressor. 





§ Graupels.Small Hail 


RZ, Hailstones 
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Results Obtained So Far 
from the Hail Tunnel 


The value of this plant will be de- 
termined by the extent of the new 
knowledge which can be gained from 
it with regard to hail formation. It 
already promises well, to judge from 
the first experiment, which has brought 
to light an apparently somewhat strange 





3 lo” 2 SD Re 


Fig. 6. Drag coefficient of graupels and hailstones as a function of the Reynolds num- 
ber Re. Curve 1, values for smooth spheres; curve 2, values for ellipsoidal hailstones; 
curve 3, the drag coefficient for plates, giving an upper limit. 
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Fig. 7. Fall velocity of hailstones of different shapes: (1) sphere, density 6 = 0.8 g/cm’, 

w = 0.5; (2) sphere, 5 = 0.8 g/cm*, Cy = 0.7; (3) sphere, 5 = 0.8 g/cm*, Cv = 1.0; 
(4) sphere, 5 = 0.5 g/cm*, Cy = 1.0; (5) cone, angle 90°, 5 = 0.8 g/cm*, Cy = 0.8; 
(6) cone, angle 90°, 5 = 0.5 g/cm’, Cy = 0.8; (7) cone, angle 70°, 5 = 0.5 g/cm’, 
Cw = 1.0; (8) triaxial ellipsoid, 5 = 0.8 g/cm*, Cy = 0.7; (9) triaxial ellipsoid, 5 = 0.8 


g/cm*, Cy = 1.4. 
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phenomenon: the growth of conglom- 
erations of ice and water, which may 
be referred to conveniently as “ice- 
water mixtures.” 

What these ice-water mixtures are 
and how they grow can best be ex- 
plained by telling the story of their 
discovery. If a spherical obstacle be- 
comes covered with ice, then a quite 
definite ice deposit can be brought 
about, according to the icing conditions 
(temperature, air speed, free-water 
content, and so on). Thus, in one ex- 
periment a plate-shaped structure was 
formed with a diameter of approx- 
imately 20 centimeters and thickness 
of between 2 and 4 centimeters. The 
original diameter of the sphere was 8 


Jf “hi 


Vs 


millimeters. Since it could be seen that 
the surface of this growing ice struc- 
ture was wet, the liquid film on the 
surface was dried by freezing before 
the plate of ice was taken out of the 
tunnel. When we came to remove it, 
it appeared that our hands were per- 
haps getting wetter than might nor- 
mally have been expected, but no con- 
clusions were drawn from this. After- 
wards the test object was stored on a 
table in a cold laboratory at — 10°C. 
Half an hour later it was found that 
the space between the curved under- 
surface of the ice plate and the table 
was filled up with ice. The only thing 
which could have been responsible for 
this was water built into the ice, which 








had subsequently worked its way ou 
through capillary systems. This fact 
contradicts all the assumptions made 
in the past, from Schumann (3) to 
Ludlam (/3), who have asserted that 
only as much water can be gathered 
by accretion onto a growing hailstone 
as can freeze. Of necessity, it was 
supposed, all superfluous water was 
removed from it by the air stream, f 
This was assumed in contradiction to § 
nature, although no trace of water 
returned back into the air stream could 
ever be observed in hundreds of ex- 
periments on spheres of diameter up 
to 2.5 centimeters, speeds up to 80 
miles per hour, and water content up 
to 20 grams per cubic meter (J4), 








A 











Y ig 





/ Vf. 
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Fig. 8. The Swiss hail tunnel. (1) Blower; (2) section with refrigerating, heating, and filtering elements; (3) drop injection; (4) measuring 
place; (5) section for bringing the circulation back to the blower; (6) control panel; (7) refrigerating compressor; (8) liquid separator; 
(9) ammonia condenser; (10) alcohol-water cooler for cooling the refrigerating compressor; (11) oil separator; (12) motor valve; (13) 
compensating recorders; (14) regulating system for temperature; (15) floors. 
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Fig. 9 (top). The measuring section of the tunnel, the control panel, the 
compensating recorders, and the regulating systems. Fig. 10 (right). 


The refrigerating compressor. 


This example shows again that one’s 
concern must always be with the actual 
way in which nature behaves rather 
than with the rationality of human 
ideas. 

The conditions leading to the for- 
mation of such ice-water mixtures 
signify that the total amount of cold 
administered to. the icing object (di- 
rectly by heat conduction, indirectly 
by exchange of material as well as 
by the deposited supercooled water) is 
not sufficient to freeze all the water 
that is accreted. 

A number of considerations indi- 
cate that only one structure is pos- 
sible where there is steady accretion 
of water: an ice framework resembling 
a sponge whose holes are filled with 
water. And according to the ratio be- 
tween the cold added and the heat of 
fusion of all water deposited, the ice 
walls become thicker or the capillary 
systems with their water become 
smaller in extent. By contrast with the 
superimposition of two growth phases, 
mentioned above, where a loose ice 
framework subsequently became filled 
with water, there is here a parallel 
growth of ice and water together. It is 
even possible to show that in fact the 
water skin grows against the air 
stream and that subsequent stabiliza- 
tion takes place as an ice framework 
grows after it. A more extensive series 
of experiments was made in this con- 
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nection, during which water was ob- 
tained either calorimetrically or by 
means of a centrifuge. The ice struc- 
ture of an ice-water mixture formed 
under the given conditions appears, as 
indicated in Fig. 11, after the water has 
been removed. What has so far been 
learned from this procdure can be 
summarized as follows. (i) Where 


hailstones grow in a supercooled cloud 





it can be shown that normally liquid 
water is incorporated in the ice par- 
ticle. (ii) The proportion of liquid 
water in a single growth phase depends 
on the total heat exchange with the 
environment. The proportion increases 
with increasing values for temperature, 
free water content, air speed, and the 
diameter of the icing particle (/4). 
At the same time one should ask 





Fig. 11. Ice framework of an ice-water mixture, grown on an initial ice sphere with a 
diameter of 2.0 cm. Growing conditions: air temperature, —30°C; air velocity, 24 m/sec; 
free-water content, 8.1 g/cm*; resulting water content, 19 percent of the total deposit. 
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Fig. 12. Hailstone No. K 59.2. Diameter of the cavity, 15 mm; height of the cavity, 5 mm. 


whether such watery hailstones are 
actually observed in nature. For the 
present the answer is in the negative, 
for the simple reason that such_hail- 
stones had not been expected, and the 
necessary apparatus for establishing 
their existence has never been avail- 
able. Moreover, water which slowly 
runs out of a hailstone is considered 
to result from melting. There are, how- 
ever, indications in the reports of col- 
lectors on the mechanical behavior of 
hailstones that suggest ice-water mix- 
tures. It has been reported possible, 
after a hailfall, to break apart hail- 
stones which could also split on hitting 
the ground, as they often do because of 
low mechanical cohesion. But when 
similar unbroken hailstones had been 
kept in a deep freeze, it was quite im- 
possible to break them any longer by 
hand. This change may clearly be at- 
tributed to a solidification of the liquid 
water present in the capillary systems. 

Also found are hailstones with large 
caverns in them which, it may be con- 
cluded, were originally zones formed 
almost exclusively by liquid water. At 
a stage subsequent to this formation 
the water flowed out, and structures 
resulted of the kind shown in Fig. 12. 
Virtually identical caverns can also be 
produced artificially in the growth of 
ice-water mixtures. Hailstones and 
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artificial ice structures can at the same 
time exhibit ice crystallites, rather like 
stalactites, inside such caverns. 

In the next few years, however, still 
greater efforts will have to be made 
in order to establish definitively, by 
calorimetric methods or by means of 
a centrifuge, exactly how much water 
natural hailstones can contain. 


Conclusions 


A central problem in every physical 
hail theory has hitherto been that of 
calculating the time required for the 
formation of a hailstone. It was gen- 
erally felt that in certain circumstances 
the growth, for example, of an _ ice 
particle of 4-centimeter diameter would 
have to take place (in an extreme 
case) within 10 to 15 minutes; this 
was confirmed by radar observations, 
but no actual values of this order 
could be got by calculation. The effec- 
tive relationships, which have been 
described above, make it possible to 
show that the ice growth occurs much 
more quickly than had been supposed 
under the old assumptions. The factors 
which help to bring this about are: 
(i) considerably larger increments of 
growth, since the water deposited on 
a hailstone in liquid form contributes 


progressively to the enlargement of 
the particle; (ii) an increase in the 
amount of the deposits as a result of 
the hailstone’s having most frequently, 
according to observations, the form of 
a flat ellipsoid (the product of the plane 
of projection against the air stream and 
the speed of fall is improved, and this 
allows more drops of water to be 
caught); (iii) the hailstones remain 
longer in zones of heavy ice deposit 
as a result of a reduced speed of fall, 
due either to more favorable shape or 
to greater surface unevenness of the 
hailstones. 

At the same time, we should clearly 
recognize that all too many points 
still remain. obscure and that these new 
effects, even if they can be to some 
extent formulated mathematically, in 
no wise present an adequate basis for 
a new, reliable, physical hail theory. 
For years to come experiments and 
tests will have to be made, designed 
to shed light on all aspects of the 
growth of hailstones. To what extent 
electrical forces play a part cannot now 
be said; they are by no means unim- 
portant, however, for under certain 
icing conditions in our wind tunnel we 
were able to observe lightning dis- 
charges from the icing particle to the 
environment (/6). 
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CURRENT PROBLEMS IN RESEARCH 





Searching Natural Language 


Text by Computer 


Machine indexing and text searching offer an approach 
to the basic problems of library automation. 


What is information retrieval?—“Hy- 
pothesis after hypothesis has been tried, 
and still we can’t find out. Yet we must 
never lose hope; more and more compli- 
cated theories, fuller and fuller collec- 
tions of data, richer rewards for research- 
ers who make progress, more and more 
terrible punishments for those who fail— 
all this, pursued and accelerated to the 
very end of time, cannot, surely, fail to 
succeed.”"—-C. §. Lewis, The Screw- 
tape Letters. 


It is through the medium of libraries 
that knowledge is preserved for the fu- 
ture, yet posterity stands to benefit little 
unless such preserves are both acces- 
sible and digestible. Rather little is 
known in terms of scientific “observa- 
bles” about the true usability of library- 
preserved information; the following 
brief description of the problem is in- 
tended to make evident some important 
aspects of this ignorance. 

A scientist who nowadays imagines 
either that he is keeping up with his 
field or that he can later find in the 
library whatever may have escaped his 
notice when it was first written is a vic- 
tim of what might be called the “fallacy 
of abundance.” The fact that so much 
can be found on any subject creates an 
illusion that little remains hidden. Al- 
though library searches probably seem 
more often than not to be successful 
simply because a relatively satisfying 
amount of material is exhumed, such 
success may be illusory, since the re- 
quester cannot assess the quantity and 
value of relevant information which he 
fails to discover. 

The sheer abundance of recorded 
knowledge and the growth rate thereof, 
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furthermore, seem to foreshadow a 
crisis of inundation. It is estimated that 
there are now 100,000 journals and 
600,000 scientists in the world, and 
that these quantities are doubling every 
10 to 15 years. If this rate of increase 
is sustained until the tercentenary of 
this article, there will then be over 
seven times as many scientists as there 
are people, a circumstance which should 
at least provoke (if not stagger) the 
imagination. The implied Warmetéd of 
scientific information might be fore- 
stalled by engineering breakthroughs, 
but such breakthroughs may depend 
first on acquiring deeper understanding 
of the conceptual nature of the prob- 
lem itself. 

The question of formulating criteria 
for judging the relevance of any docu- 
ment to the motive, purpose, or intent 
which underlies a request for informa- 
tion is profound and lies at the heart of 
the matter. The hierology of research 
on “information retrieval” from libraries 
is well documented with reported “ex- 
periments” whose results generated lit- 
tle more than an aggregate of conflict- 
ing opinions on whether any given 
document, after recovery, was or was 
not really relevant to the intent of the 
requester, even though it fulfilled all 
specified “search criteria.” The carrying 
out of such search experiments when 
“relevance” per se cannot be con- 
sistently assessed by human judgment 
would seem to represent overly vigorous 
pursuit of a solution before identifica- 
tion of the problem. Questions of deter- 
mining “relevance” and “responsive- 
ness,” so far as practical purposes are 
concerned, receive dominant emphasis 
in the research reported here. 

Consider for a moment a “think- 


able” solution to the whole difficulty. 
Clearly, if the requester himself could 
read all existing literature (that is, every 
page of the entire library collection) and 
apply to each piece of information 
found therein expert intuitive criteria 
in order to ascertain its relevance to the 
requirement at hand, there would be, 
in principle, no problem of communi- 
cating recorded knowledge; the proce- 
dure suffers only from total imprac- 
ticality. The historical answer to such 
impracticality is of course to organize, 
classify, index, and catalog the library 
and then search only a very small 
amount of catalog-type information. 
(Thus, it is an obvious though some- 
times unappreciated fact that indexes 
and card catalogs for libraries need 
exist only because libraries are too large 
to be read through for each informa- 
tion requirement.) In short, some kind 
of condensed “representation” of the 
contents of the library is created. This 
representation, since it is condensed, is 
necessarily imperfect; the price paid 
for the convenience of having a prac- 
tical and manageable search capability 
is the loss of at least some (and quite 
possibly most) of the accessible informa- 
tion in the library. 

Now, it is a remarkable fact that the 
extent of information loss for existing 
libraries is not only unknown but ap- 
parently no serious efforts have ever 
been made to define such loss in meas- 
urable terms. Intuitively, one knows 
that the larger and more detailed the in- 
dex and catalog, the less the informa- 
tion loss but the greater the difficulty 
of searching. Indeed, in the extreme, if 
each sentence of each article of the col- 
lection were cataloged, the “representa- 
tion” of the library so created might 
approach high fidelity but would be 
almost as impractical as the library it- 
self for conducting searches. 

The matter of impracticality notwith- 
standing, to suppose that fully success- 
ful catalog search is a possibility im- 
plies that all human knowledge can be 
organized by means of some immutable 
and unambiguous classification or in- 
dexing scheme. Apart from the cardinal 
disadvantage of being nonexistent, such 
a hypothetical scheme has the even more 
unfortunate attribute of requiring that 
information be cataloged with precogni- 
tion to insure recoverability in response 
to all conceivably relevant future re- 
quests. Both human knowledge and 
language change in the course of time, 
and the basic function of the library— 
to serve as a communication link be- 
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tween past and future—cannot, within 
the framework of present indexing and 
searching concepts, accommodate such 
change. 

Even though a theoretically complete 
“solution” to the whole problem of com- 
municating knowledge is thus almost 
unthinkable, progress in a_ practical 
sense constitutes an objective deserving 
of serious scientific attention. 


Equivalence of Text Searching 


To Automatic Indexing 


The purpose of this article is to pre- 
sent and discuss a fundamental approach 
to the investigation of automatic index- 
ing and retrieval and to report the re- 
sults of preliminary experiments on the 
searching of text. It is thus important 
first to make clear the relationship 
between text searching and automatic 
indexing. 

Consider again the aforementioned 
suggestion that, ideally, the full text of 
the entire library ought to be read and 
searched for each request, to make cer- 
tain that nothing relevant is overlooked. 
The task, for a human being is, of 
course, impractical to the point of 
absurdity. Such is not necessarily the 
case if a computing machine of suf- 
ficiently large capacity, high speed, and 
low cost were to perform the search. 
Let us suppose such a machine to be 
available, and for our present purposes 
let us neglect matters of speed and cost 
altogether, for the purpose of emphasiz- 
ing the conceptual problems that are of 
paramount importance. 

It may be seen, after some thought, 
that “direct retrieval” through search- 
ing the entire collection by computer to 
discover all information relevant to an 
inquiry is not necessarily possible in 
principle. That is to say, there is no 
known machine method for processing 
the full text of an unindexed document 
to determine whether that document is 
or is not relevant to some stated inquiry. 

But now consider the full text of a 
library as the extreme case of a com- 
plete index or catalog—namely, a rep- 
resentation in which there is no loss of 
information. Clearly, if a computer 
technique for search and retrieval from 
the full text of a collection of docu- 
ments cannot be developed, then it is 
unthinkable that matters could be im- 
proved by using the machine to operate 
on just part of the information (a “con- 
densed representation”)—that is, on an 
automatically produced index. This line 
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of argument demonstrates persuasively 
that the development of techniques for 
automatic full-text search and retrieval 
is prerequisite to automatic indexing. It 
is equally clear that a technique for 
automatic indexing can be derived im- 
mediately from a text-searching tech- 
nique, and thus that the two processes 
involve conceptually equivalent prob- 
lems. For it is necessary only to so 
organize the machine procedures that 
those operations of text reduction or 
reorganization common to all searches 
are performed just once, and prior to 
searching, in order to create directly an 
automatic indexing procedure. 

The practicality and economy of au- 
tomatic indexing can then be investi- 
gated in the light of a known and con- 
trollable trade-off between information 
loss and brevity of representation. It is 
not suggested that present computers 
are necessarily economical for library 
text searching; this study has thus far 
been addressed to the conceptual prob- 
lems alone. Questions of economics will 
be deferred until the process to be 
mechanized has been defined and under- 
stood. 


A Model Information System 


Let us take as a novel point of begin- 
ning the users of the library and their 
information requirements. 

At first sight it would seem not alto- 
gether unreasonable to collect and study 
a large number of questions that have 
historically been asked of librarians and 
libraries. However, such questions 
necessarily reflect not the asker’s “re- 
quirement” so much. as his translation 
of that requirement into a form to which 
he thinks the library has a capability of 
responding. Now, perhaps one could 
determine the motive or purpose which 
prompted each request, but even then it 
is not unthinkable that these motives 
are to an unknown extent linked indis- 
sociably with the user’s concept of the 
library’s ability to serve his needs. The 
danger of beginning with the library 
query rather than the motivating re- 
quirement is apparent from the fact 
that the relevance of a library document 
to some request depends on the view- 
point and purposes of the requester. 

Thus, in the experiments discussed 
here the “information requirement” of 
the requester is based on a set of ques- 
tions constructed without reference to 
library experience. These questions are 
highly specific and, to the extent pos- 


sible, incorporate within themselves the 
requester’s “viewpoint” and “motive.” 
Examples of such questions are: (i) 
What nuclear reactions are sensitive to 
the spin and parity of mesons and hence 
are useful in measuring those quantities? 
(ii) How does charge polarization with- 
in a nucleus affect the Coulomb scatter- 
ing of charged particles by that nucleus? 
(iii) What are the “magic numbers” for 
nuclear shell structure? 

A collection of 100 articles was 
chosen as an experimental “library,” 
and each article in the entire collection 
was studied in the light of its possible 
relevance to each of 50 questions asked. 
Degrees of relevance were recognized, 
and a weighting factor was estimated 
to represent such a degree. The subject 
matter of the articles was restricted to 
nuclear physics, and relevance esti- 
mates were made by physicists with 
postdoctoral experience in the special- 
ties represented by the articles. This 
procedure thus led, insofar as is con- 
ceivably possible, to prior determina- 
tion of all relevant responses to any 
subsequent retrieval question. Confi- 
dence in the process is based upon the 
fact that a satisfactory degree of con- 
sistency among independently rendered 
judgments as to relevance resulted. 

The restriction of the collection to 
homogeneous subject matter was in- 
tended to permit some degree of extrap- 
olation to the behavior of larger coilec- 
tions. Computer search techniques must 
necessarily be based on the language 
content of the documents searched, and 
it is clear that the more homogeneous 
the language the more difficult the prob- 
lem of discriminating relevant material 
from irrelevant for any given request. 
Thus homogeneous subject matter in a 
small collection would tend to present 
about the same level of retrieval dif- 
ficulty as diverse material in a larger 
collection. 

In effect, a “model” information sys- 
tem was adopted which consists of a 
small collection of articles, a list of 
questions, and a matrix of numbers 
representing the estimated degree or 
“weight” of relevance of each article to 
each question, based on careful applica- 
tion of expert human judgment. Within 
the framework of this model any meth- 
od of information searching can be 
tested for its ability to yield relevant 
documents and reject those that are ir- 
relevant. The scope of the investiga- 
tion at present is based solely on the 
hypothesized model. Experiments and 
conclusions apply to the model only; the 
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relationship of the model to reality is 
a separate matter involving a multitude 
of complex issues that will be dealt with 
in the course of time as understanding 
of the behavior of the model grows, 
and as reasons emerge for introducing 
modifications. 

Experience thus far has indicated 
that this first model is neither too ele- 
mentary to be challenging nor too com- 
plex to be manageable. In contrast to 
real information systems, the “observ- 
ables” have been identified and the 
imponderables have been expunged— 
at least to an extent sufficient for prac- 
tical purposes. 

The latter point deserves some 
amplification. Information retrieval is 
not likely ever to become a precisely 
defined process (in a “formal” or mathe- 
matical sense) so far as machine proce- 
dures are concerned, and at best one 
can hope to achieve only partial suc- 
cess. The futility of seeking rigor and 
precision should not cause one to 
abandon pursuit of maximal understand- 
ing of the nature of the problem. It is 
this basic understanding which is sought 
in the investigation of a simple model, 
so that sound approaches toward the 
development of economic, effective, and 
practical large-scale information sys- 
tems can then be initiated. 


Text-Searching Experiments 


To construct the model system de- 
scribed in the preceding section and to 
carry out the search experiments, two 
separate teams of physicists were 
formed. Group 1, through direct study 
of each article in the collection, deter- 
mined its degree of relevance to each 
question asked. Group 2 was assigned 
the task of transforming each question 
into a search instruction for the com- 
puter. No member of group 2 was 
permitted any knowledge of the con- 
tents of the search library other than 
that it was made up of 100 nuclear 
physics articles selected from the Physi- 
cal Review over a 10-year period. 

Group 2 consisted of seven persons: 
three nuclear physicists, two computer 
programmers, one mathematician, and 
one librarian (with training in physics). 
Each of these seven persons formulated 
search instructions for each of 50 ques- 
tions, using the three methods described 
in subsequent paragraphs. Thus, about 
1000 retrieval experiments were carried 
out. 

To illustrate the character of the 
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search instructions, consider that into 
which the second of the three example 
questions listed above might be trans- 
formed: Deliver all articles which con- 
tain either the phrase charge polariza- 
tion or charge distribution and at the 
same time contain the word scattering, 
scattered, or scatter. 

The computer program utilized has 
a capability for testing each article in 
the collection to determine whether or 
not the conditions of the search are met. 
(The full text of each article was key- 
punched and recorded on magnetic 
tape.) In essence, an article can be 
tested to determine the presence of any 
given word, any one or more of a group 
of words, or the simultaneous presence 
of one (or more) members of each of 
several groups, as illustrated in the fore- 
going example. Phrases may be used 
instead of words in any part of the 
specification. For each article which 
satisfies the required conditions, the 
computer supplies a printed output 
which indicates the location of each of 
the discovered words or phrases with- 
in the search list. 

The library (on magnetic tape) 
searched by the computer was not in 
any way indexed, classified, or organ- 
ized by human processing. The experi- 
ments did not include searches for au- 
thors or reference citations. 

In order to compare the effectiveness 
of text searching by computer with 
more or less conventional methods of 
using libraries, the experimental collec- 
tion of articles was cataloged by means 
of a subject-heading index designed 
especially for the field of nuclear phys- 
ics. The physicists of group 2, assisted 
by technical librarians, transformed 
each of the test questions into appropri- 
ate index entries in order to search the 
card catalog. 

The success of machine retrieval and 
conventional subject-heading retrieval 
was measured in terms of the “direct 
examination” process carried out by the 
members of group 1. These measures 
of success take into account both the 
fraction of relevant material retrieved 
and the amount of accompanying ir- 
relevant material. 

Thus, the evaluation procedure is in- 
tended to establish some measure of the 
effectiveness with which human beings 
can transform questions into computer 
search instructions and to permit com- 
parison of full text search with a 
conventional subject-heading catalog 
search. Of greater importance are the 
objectives of determining the extent to 





which the effectiveness of full text 
search ean be improved through use by 
the requester of certain “retrieval aids,” 
such as a thesaurus, and of developing 
techniques for systematically improv- 
ing these aids as a result of collecting 
experimental data. Machine search ex- 
periments were carried out both with 
and without retrieval aids, and the two 
cases were compared. 

The three methods of retrieval em- 
ployed are designated by the following 
symbols and definitions. (C) “Conven- 
tional retrieval” based on a subject- 
heading index; no machine procedures 
are involved. (U) Retrieval based on 
specifications of words and phrases in 
disjunctive and conjunctive combina- 
tions, as illustrated above. No retrieval 
aids are employed (U denotes unaided). 
(A) Search requests are formulated as 
described for U but with the thesaurus- 
like word and phrase group list and the 
index thereto as retrieval aids. 

Each individual completed formulat- 
ing search instructions for condition U 
before undertaking A, since otherwise 
U might be invalidated by recollection 
of the retrieval aids employed in A. 


Use of a Thesaurus 


The process of formulating a com- 
puter search instruction from the posed 
question consists of conjecturing lists 
of possible words or phrases which the 
requester believes responsive material 
ought to contain and nonresponsive ma- 
terial ought not to contain. He must be 
alert to different ways of expressing 
the same concepts and to the frequency 
or commonness of the words or phrases 
which he chooses. Potentially the re- 
trieval aid of most use to the requester 
should be a collection of thesaurus-like 
groupings of words and phrases which 
tend to mean about the same thing for 
most foreseeable purposes of informa- 
tion retrieval and which can be used 
to stimulate his memory in the process 
of constructing “alternate ways of ex- 
pressing the same concept.” 

Such a thesaurus for nuclear physics 
words and phrases was compiled for the 
purpose of these experiments. The use 
of this thesaurus can best be illustrated 
by an example. Suppose that in order 
to formulate a search instruction from 
the question “What are the magic num- 
bers for nuclear shell structure?” the 
requester first conjectures that, although 
a search for the phrase magic numbers 
would no doubt be productive, there 
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might be relevant articles which do not 
contain that phrase and, indeed, perhaps 
articles that were written before the 
phrase was invented. Thus, in order to 
be reminded of words or phrases in 
addition to magic numbers which might 
be clues to the presence of information 
relevant to the question, he consults the 
thesaurus by means of an index. He 
looks up the word magic and is re- 
ferred to thesaurus group 0311 con- 
sisting of the list of words and phrases 
illustrated in Fig. 1. Among other 
things, he is reminded of the appropri- 
ateness of the concept of stability 
(stable nuclear species, nuclear sta- 
bility, particularly stable) and some- 
what less directly of the implication that 
an unusually high abundance connotes 
unusually high stability. On the basis of 
these reminders he designs an appropri- 
ate search instruction. 

The thesaurus and other retrieval aids 





were compiled with the aid of text from 
a sample library that did not contain 
any of the search library documents, 
although, as in the latter, the subject 
matter was restricted to nuclear physics. 
It was hoped, of course, that the sample 
library would be useful as an aid to 
constructing the language relationships 
that form an essential part of the re- 
trieval aids to be tested by using the 
search library. Had the search library 
itself been used to compile thesaurus- 
like word groups, then the particular 
relationships existing within the search 
library, and perhaps highly peculiar to 
that library, would become so readily 
apparent to the searcher that almost 
complete success in retrieval would be 
a foregone conclusion; the experiments 
in this circumstance would have had 
little scientific validity. This observa- 
tion is particularly important in view 
of the small size of the search library. 


PAGE 21 
DOC M GROUP 0311 
037 1 ABUNDANT NUCLEAR SPECIES 
047 1 CLOSED SHELLS 
070 4 EVEN ATO MIC WEIGHT 
047 1 EVEN NUMBER OF IDENTICAL NUCLEONS 
048 1 EVEN NUMBER OF IDENTICAL NUCLEONS 
082 4 EVEN-EVEN CORE 
faa 2 EVEN-EVEN NUCLEI 
084 2 EVEN-ODD COMPOUND NUCLEUS 
100 1 EXCITED STATES OF EVEN-EVEN NUCLEI 
110 4 EXCITED STATES OF EVEN-EVEN NUCLEI 
041 1 FUNCTION OF ATOMIC NUMBER 
070 4 LIGHT MIRROR NUCLEI 
u97. 3 MAGIC NUMBERS 
047 1 MAGIC NUMBERS 
048 1 MAGIC NUMBERS IN NUCLEI 
037.1 MAGNETIC MOMENTS OF ODD NUCLEI 
100 1 MAGNETIC MOMENTS OF ODD-NEUTRON NUCLEI 
100 1 MAGNETIC MOMENTS OF ODD-PROTON NUCLEI 
036 2 MASS NUMBER 
057 1 MASS NUMBER 
056 1 MASS NUMBER REGION 
057 1 MASS NUMBER RANGE 
057 1 MASS b] UNITS 
050 1 MIRROR NUCLEI LI7 AND BE7 
101 2 MIRROR NUCLEUS HE5 
050 1 MIRRORED COUNTERPART OF EXCITED STATE 
041 1 NEIGHBORING HEAVY ELEMENTS 
O57 2 NEUTRON DEFICIENT BISMUTH ISOTOPES 
047 1 NEUTRONS 5 
037 1 NEUTRONS 5 
057 1 NUCLEAR STABILITY 
057 1 NUCLEI 
036 1 NUCLEI IN REGION OF NEUTRONS 
wat 1 OCCUPATION NUMBERS 
082 4 ODD NEUTRON 
037 1 ODD NUCLEI 
047 1 ODD NUMBER 
048 1 ODD NUMBER OF IDENTICAL PARTICLES 
100 1 ODD-EVEN NUCLEI 
084 2 ODD-ODD COMPOUND NUCLEI 
047 1 ODD-ODD 5 NUCLEI 
110 4 ODD-PARITY STATES 
047 1 PARTICULARLY STABLE 
037 1 PERIODIC SYSTEM OF ELEMENTS 
047 1 PROTONS 5 
057 1 PROTONS <) 
100 1 SINGLE ODD NUCLEON 
047 1 SINGLE ODD PARTICLE 
047 1 SPINS 5 OF ODD NUCLEI 
037 1 STABLE NUCLEAR SPECIES 


1102 


Fig. 1. A thesaurus group. 





Results 


Data on retrieval results are pre- 
sented in terms of a scoring algorithm 
which depends, as mentioned above, on 
the percentage of relevant material re- 
trieved and on the amount of irrelevant 
material also retrieved. The relative 
weight given to these two factors is 
arbitrary and represents an_ intuitive 
estimate of the relationship between 
“reward” for successful retrieval and 
“punishment” for irrelevant retrieval. 
The penalty for irrelevant retrieval we 
take proportional to the “cost” (in 
terms of time spent) of reading the ir- 
relevant document. The retrieval score, 
then, is given by (R — pl), where R is 
the sum of the relevance weights of the 
retrieved documents divided by the 
total sum of the relevance weights (for 
the given question) of all documents in 
the library; 7 is the effective amount of 
irrelevant material (and is given by 
N — LR, where N represents the total 
number of documents retrieved and L 
represents the total number of relevant 
documents in the library); and p is the 
irrelevance penalty and may take on 
arbitrarily assigned values. The scoring 
formula can be derived by taking a 
linear combination of the fraction of 
all relevant information retrieved and 
the cost of reading all retrieved material 
and then normalizing so that the score 
for “perfect” retrieval (all material 
which is relevant plus none that is ir- 
relevant) is 1. — 

Results have been compounded into 
a single score; such a compound score 
facilitates comparisons for different in- 
dividuals and comparison of different 
methods of retrieval. The sensitivity of 
the various scores (averaged over 50 
questions) to the factor p is of especial 
interest, and a graph showing this rela- 
tionship is presented in Fig. 2. The p 
= 0 intercept shows the percentage of 
relevant retrieval, while the slope is di- 
rectly proportional to the amount of 
irrelevant retrieval. 

The first conspicuous implication of 
the results is that the proportion of 
relevant information retrieved under 
any circumstances (intercept for p = 0) 
is rather low. Though wide variation 
of success within the 50 questions was 
encountered, for no single individual 
did the average amount of relevant ma- 
terial (that is, the summed weight fac- 
tors) retrieved (taken over 50 questions) 
exceed 42 percent of that which was 
judged by the members of group 1 to be 
present in the library. It is clear that in 


SCIENCE, VOL. 132 











li- 
of 


of 
of 
er 
0) 
n 


al 
A= 


s) 


AS 


in 








a library consisting of only 100 docu- 
ments a fairly heavy penalty should be 
assigned to irrelevant retrieval. Intui- 


tively, it seems reasonable to assume’ 


that p ought to lie in the range 0.05 to 
0.15; unless otherwise specified, com- 
parison of data will be based on that as- 
sumed range. 

A second implication of the data in 
Fig. 2 is the apparent superiority of 
machine-retrieval techniques over con- 
ventional retrieval within the frame- 
work, of course, of our model. Conven- 
tional retrieval was carried out under 
the favorable conditions of a highly de- 
tailed and specific subject-heading list, 
tailored to the sample library, which in 
turn was selected from the same journal 
(the Physical Review) as the search 
library (but which contained no docu- 
ments in common with the latter). The 
assignment of subject headings to the 
documents was liberal, with an average 
of about five headings per (1000-word) 
document; the number ranged up to 14. 


, Score 


+30 








However, the assignment was not based 
upon knowledge of the search questions 
themselves, nor was it intended to ex- 
haustively identify all conceivable sub- 
ject relevancies. 

A still greater margin of success of 
text search over subject retrieval was 
provided by what may be called the 
“source” documents. Each of the 50 
questions was inspired by some par- 
ticular document within the model 
library; that “source” document was 
therefore known to be highly responsive 
(weight 10) to its corresponding ques- 
tion. Because of this direct relationship, 
all results for retrieval of source docu- 
ments were separately tabulated and 
not included in the graphs of Fig. 2. 
These results, in terms of “percent of 
relevant material retrieved averaged 
over all requesters and all questions” 
can be summarized in the following 
manner: C_ [conventional (subject 
heading)], 38 percent; U [unaided ma- 
chine text search], 68 percent; A 
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Fig. 2. Mean scores of each search (average of individual mean scores) as a function 
of the penalty coefficient p. “Random retrieval” is shown for 3.0 documents, the aver- 
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[thesaurus-aided machine text search], 
86 percent. 
It is a reasonable surmise that the 
language of the “source” document may 
have influenced the language of the 
question, and hence the language of the 
search request, thus increasing the 
prospects for successful text search. 
Generally, though, it was found that all 
documents with high relevance weights 
(whether source documents or not) were 
proportionately more effectively re- 
trieved by text search; such correlation 
between high relevance and successful 
retrieval was less pronounced for the 
conventional search. Details of these 
results are given in the reports cited 

in (7). 

It is expected that the relative su- 
periority of machine text searching to 
conventional retrieval will become 
greater with subsequent experimenta- 
tion as retrieval aids for text searching 
are improved, whereas no clear proce- 
dure is in evidence which will guarantee 
improvement of the conventional sys- 
tem, other than purposeful indexing 
to exhaustion or perhaps the provision 
of a team of physicists as consultants 
to the librarian-indexer. For either cir- 
cumstance it is hardly appropriate to 
use the designation “conventional.” 

Although much detailed study still 
must be carried out to determine, for 
each question asked, just why relevant 
information was missed, it seems likely 
that for the “conventional” case the 
problem is largely that of a mismatch 
in viewpoint between indexing and 
questioning. Subject headings relevant 
to the questions asked were largely non- 
existent. 

It is intended to test, in future ex- 
periments, the effectiveness of a sub- 
ject-heading list developed directly from 
a set of “sample” retrieval questions, 
separate from but similar to the test 
questions. It is possible that tailoring 
an index to user plus library rather than 
to librarian plus library would result in 
better “conventional” retrieval, though 
again the term conventional seems to 
lose its appropriateness. 

In general it was found that a thesau- 
rus-like collection of word and phrase 
groups is clearly of potential use as a 
source of suggestions, reminders, and 
stimuli in transforming . questions to 
search instructions. The effectiveness of 
the physics thesaurus compiled for the 
first series of experiments was marginal 
but measurable; of greater significance 
is its apparent improvability, as indi- 
cated by the analysis of the results. 
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A study is in progress to determine 
for each question asked the specific rea- 


son why relevant information was 
missed and why irrelevant information 
was retrieved. The results of partial 
analysis may be summarized as follows: 

1) As was to have been expected for 
the first experimental cycle, a good 
many of the failures were due to ob- 
vious causes for which there are simple 
remedies. Inadequate recording of sym- 
bols and equations (particularly of sub- 
scripts and superscripts), confusion of 
capital, lower case, and other “engi- 
neering” problems accounted for failure 
to retrieve a significant amount of 
relevant material. Pure “machine syno- 
nyms” (such as = as an abbreviation for 
m-meson) not foreseen by the requester 
were encountered quite frequently. 

2) A somewhat surprising reason for 
retrieving certain “irrelevant” informa- 
tion was the fact that such information 
turned out not to be irrelevant after all. 
Relevance implications had been over- 
looked by the members of group 1 in 
spite of -independent assignment of 
weighting factors by two persons and a 
resolution of all variances through dis- 
cussions with a third. The number of 
variances exceeding 2 weight points (on 
a scale of 10) was less than 20 percent 
of the total, for independent assign- 
ment, and most of this variance was at- 
tributable to obvious oversight. It is 
inferred that the exposure by machine 
search of the occurrence of certain 
words, phrases, and combinations of 
words and phrases can suggest to the 
reader relevance relationships that were 
not apparent beforehand, even with 
reasonably diligent study. Although this 
phenomenon was not very frequent, it 
is clear that the group 1 diligence level 
should be increased for subsequent ex- 
periments, since presumably a small 
amount of nonretrieved material er- 
roneously received a relevance score of 
zero. 

3) In many cases irrelevant material 
was retrieved through the conjoint oc- 
currence of words which were not 
related to one another in the manner in- 
tended by the requester. This phenome- 
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non is, of course, well known in any 
process of coordinating key words. To 
some degree, however, whenever ir- 
relevant retrieval occurs because of lack 
of relationship specification, it should 
be possible to remedy the situation by 
requiring that certain of the specified 
terms occur within the same sentence or 
at least in relatively close proximity to 
each other. In effect, the substitution of 
proximity for syntax is suggested; the 
potential value of this suggestion is 
being investigated. Preliminary results 
indicate that, on an indiscriminate or 
purely statistical basis, proximity is not 
helpful. All retrieved documents were 
partitioned into two groups, the relevant 
and the irrelevant. A search word-prox- 
imity parameter was defined, measured, 
and found to be not significantly differ- 
ent for the two groups. 

4) The most difficult problem en- 
countered is that of indirect implication 
or even pure analogy. On a number of 
occasions an article which would un- 
equivocally be judged by a physicist to 
be relevant to a given question would 
contain no words which, in any reason- 
ably direct way, would be at all likely 
to be designated relevant on the basis 
of the question alone. It turned out, 
however, that conventional indexing 
and retrieval systems in these latter 
cases were no more successful in recog- 
nizing the relevant associations in- 
volved. 

5) Irrelevant material was retrieved 
due to unforeseen contexts of single 
words. Expansion of the thesaurus 
phrase index would probably remedy 
the situation to a large degree by pro- 
viding sample contexts for frequently 
used combinations. 

6) A rather large amount of missed 
relevant information would have been 
retrieved if certain fairly common near- 
synonyms of the specified search words 
had been listed as disjunctive alternates. 
It is obvious that augmentation of the 
thesaurus would remedy the defect to 
a degree, but it cannot yet be surmised 
how far one can go toward building 
into a thesaurus all conceivable associa- 
tions of retrieval interest. 


Summary 


A fundamental approach to auto- 
matic indexing and retrieval of library- 
stored information through investigat- 
ing machine search of natural language 
text is described above, and the results 
of preliminary experimental studies 
based on that approach (/) are pre- 
sented. A limited and manageable 
model of a library (together with search 
questions) constituted the object of the 
investigation; the effectiveness with 
which responsive information could be 
recovered was measured. The small 
scale of the model permitted direct ex- 
amination of the entire collection as a 
basis for establishing practical meas- 
ures of “relevance” or “responsiveness” 
to questions. 

In terms of these measures, the effec- 
tiveness of all information search tech- 
niques tested on the model was found 
to be rather low. Text search by com- 
puter was, however, significantly better 
than a conventional, nonmechanized 
subject-index method. Thus, even 
though machines may never enjoy more 
than partial success in library indexing, 
a small suspicion might justifiably be 
entertained that people are even less 
promising. 


Note 


1, This work was carried out under the spon- 
sorship of the Council on Library Resources, 
Washington, D.C. I acknowledge with sin- 
cere appreciation the assistance of L. C. 
Ray, who planned and supervised the com- 
puter programming efforts; of J. L. Kuhns, 
who made invaluable contributions in mathe- 
matical analysis and in interpretation of the 
results and also suggested the C. S. Lewis 
quotation; of J. M. Fontana, who assisted in 
the programming; and of D. V. Black, who 
developed and applied the subject-heading 
index. I extend thanks also to the members 
of group 1 (R. W. Wright, A. Risley, J. M. 
Brabant, L. M. Frantz, A. L. Morse, W. 
Blocker, L. Higgins, W. Hershberger, and H. 
Trueblood) and to members of group 2 
(D. L. Drukey, R. Norton, K. Watson, J. 
Mersel, D. Wenger, J. L. Kuhns, and D. 
Black). I am also indebted to Professor N. 
Chomsky and Professor P. L. Garvin for 
helpful and stimulating discussions. For fur- 
ther details and additional data on the ex- 
periments discussed see “Word Correlation 
and Automatic Indexing,” Ramo-Wooldridge 
Reports; Progr. Rept. No. 1, C82-9U9 (1959); 
Progr. Rept. No. 2, C82-0U1 (1959); “An 
Experiment in Automatic Text Searching,” 
Phase I Final Rept. C82, 0U4 (1960). 
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CURRENT PROBLEMS IN RESEARCH 





Modern Blasting Agents 


Because they are safer, cheaper, and nontoxic, they are 
replacing dynamites in some operations. 


More than 1000 million pounds of 
detonating explosives (“high explo- 
sives”) are used annually in the United 
States in mining, quarrying, road and 
railway construction, seismic prospect- 
ing, submarine blasting, gas and oil-well 
shooting, and agriculture, as well as 
for such novel purposes as jet tapping 
of furnaces, jet piercing of casings 
and formations in oil wells, work hard- 
ening and forming of metals, and blind 
riveting (1). Until recently the most 
common explosives have been the dyna- 
mites invented by Nobel (donor of the 
famous peace prizes), which are based 
on nitroglycerine. But today, “blasting 
agents”—explosives which cannot be 
detonated by blasting caps but which 
require the use of powerful boosters— 
are rapidly replacing dynamites. 


Types of Blasting Agents 


The past four years have witnessed 
the introduction, first in open-pit and 
recently in underground mining, of sev- 
eral new do-it-yourself blasting agents, 
the most important of which is “prills 
and oil,” a mechanical mixture consist- 
ing roughly of 94 percent fertilizer- 
grade ammonium nitrate (FGAN or, 
simply, AN) and 6 percent fuel oil. 

A more recent series comprises the 
“slurry” blasting agents, which consist 
of coarse TNT and granular ammo- 
nium nitrate, and sometimes also so- 
dium nitrate, dispersed in an aqueous 
solution of ammonium nitrate with only 
enough aqueous solution to give the 
mixture the consistency of thick soup. 
The success of the slurry blasting agents 
prompted investigations of still other 
types of slurry. In one type of nonex- 
plosive sensitizers, for example, molas- 
ses (2), sugar, or heat-producing metals 
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have been substituted for the TNT. In 
another, both the aqueous medium and 
the TNT have been replaced by a 
liquid medium—for example, methyl- 
amine or dimethylamine and ammo- 
nium nitrate—to accomplish both sen- 
sitization and fluidization. In a third 
type of slurry, TNT has been replaced 
by a heat-producing metal, such as 
magnesium, and the aqueous solution 
by Diver’s solution (a mixture of am- 
monium nitrate and ammonia). While 
slurry blasting agents representative of 
each of these types have been used in 
boreholes of large diameter, none has 
been as successful as the coarse TNT 
types which already are being used in 
the United States and Canada to the 
extent of several million pounds month- 
ly. 

Explosives composed of mixtures of 
ammonium nitrate and fuel (here fuel 
denotes any nonexplosive, combustible 
sensitizer) were first contemplated by 
Ohlsson and Norrbein in one of the 
earliest patents in the field of high ex- 
plosives, and explosives of this type 
have been used extensively during the 
past quarter century. ‘“Nitramon,” the 
series to which the term blasting agent 
was first applied, is an example of the 
ammonium nitrate-fuel system. While 
such explosives have long been recog- 
nized as the cheapest source of explo- 
sive energy in the modern world, their 
great economic advantages were not 
fully realized until the discovery of 
prills and oil. Plant-formulated and 
packaged compositions almost identical 
to prills and oil—for example, one 
grade of Nitramon—have been in use 
for many years, but they did not lend 
themselves to field mixing. Field mix- 
ing is readily accomplished with prills 
and oil, owing to the unique properties 
of prilled ammonium nitrate, and as a 
result, savings of up to 75 percent of 
previous powder costs have been re- 
alized. 


The field formulation of prills and 
oil became possible with the invention 
of the coarse, porous, kieselguhr-coated, 
“prilled,” fertilizer-grade ammonium 
nitrate. This material was first manu- 
factured as a fertilizer with special wax 
coatings to prevent caking, but after 
the great Texas City disaster and simi- 
lar ones in Brest, France, and in the 
Black Sea region, caused by the hot 
bagging of organic-coated, prilled AN, 
the fertilizer industry turned for rea- 
sons of safety to the inert, inorganic, 
diatomaceous-earth coating. It was the 
unique absorptive properties of kiesel- 
guhr-coated, prilled ammonium nitrate 
for fuel oil that permitted the success- 
ful field mixing of prills and oil which 
began in 1955 on the Mesabi Iron 
Range (3). Prilled FGAN containing 
3.5 percent kieselguhr absorbs rapidly 
and uniformly without mechanical mix- 
ing, but simply by diffusion, up to 6 
percent fuel oil, fortuitously rejecting, 
to a large extent, any excess oil. At 
first the field mixing of prills and oil 
was accomplished by pouring into the 
borehole (around the boosters sus- 
pended on a Primacord downline) a 
bag of fertilizer-grade ammonium ni- 
trate followed by a gallon of fuel oil 
and repeating until the desired total 
charge was in place in the borehole. 
To insure complete detonation, large 
dynamite or Nitramon primers or boost- 
ers were used either at the bottom and 
top of the shot (Fig. 1a) or at fre- 
quent intervals along the column (Fig. 
1b), the boosters being detonated by 
the Primacord. 

Borehole mixing did not prove reli- 
able and soon gave way to surface 
mixing methods in which oil was 
sprayed into the ammonium nitrate as 
it flowed through a funnel or hose 
into the borehole (4) or was poured 
into open bags of FGAN, several hours 
or days being permitted for diffusion of 
the oil into the salt before the mixture 
was poured in the borehole (5). These 
methods in general depended on the 
unique ability of the kieselguhr-coated, 
prilled ammonium nitrate to absorb oil 
uniformly up to 6 percent and to re- 
ject any excess oil. With less absorptive 
types of ammonium nitrate, impractical 
products of excess oxygen and low 
strength generally result; with more 
absorptive types one must use an excess 
of oil, and these also yield an insensi- 
tive, low-strength product but one defi- 
cient in oxygen. Even when one takes 
special precautions to introduce the 
right amount of oil into a nonabsorptive 
type of ammonium nitrate, the oil may 
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not distribute itself uniformly in the 
nitrate with diffusion blending or spray- 
ing. The fine-grained types, which are 
also nonporous because of their high 
surface area, absorb the required oil 
in only part of the nitrate, thus caus- 
ing non-uniformity of diffusion or spray 
blending. Recently the “Stengel proc- 
ess” ammonium nitrate, a high-density, 
nonporous type, has been successfully 
adapted to field mixing of the nitrate 
and oil through blending an appropri- 
ate particle size distribution of the salt 
(6). This technique is equally appli- 
cable, but has not yet been used, with 
other types of ammonium nitrate—for 
example, those types made by evapora- 
tion drying in a graining kettle (“grain- 
ing ketile ammonium nitrate”) or by 
spraying and drying in a blast of hot 
air (“spray-day ammonium nitrate”) 
and high-density, nonporous, prilled 
ammonium nitrate, made by the prilling 
process but brought to dryness during 
instead of after prilling. 

The need for careful mixing of prills 
and oil (especially since uncoated and 
organic-coated, prilled, and various non- 
porous types of ammonium nitrate have 
come into extensive use) is currently 
widely recognized, and many are turn- 
ing to special mixing systems to obtain 
uniformly mixed material (7). One 
may easily recognize poorly mixed 
prills and oil by the characteristic red- 


dish-brown fumes, in which the prod- 
ucts of detonation are colored by 
excess oxides of nitrogen. One can be 
sure that products which generate these 
beautiful reddish-brown clouds will de- 
velop appreciably lower strength and 
pressure than uniformly mixed prills 
and oil. 

Owing largely to its very low density 
(0.82 gm/cm'), the prills and oil mix- 
ture is really a low-grade blasting agent. 
Yet its use in bulk where it completely 
fills a cross section of the borehole 
(loading density A = 1.0), in contrast 
with packaged explosives, in which the 
loading density A is necessarily appreci- 
ably less than unity, has largely offset 
the disadvantages of low density (8). 

Unfortunately, the prills and oil 
mixture is useful only in dry-hole blast- 
ing because it is incompatible with 
water; moreover, its low density pre- 
vents it from sinking in water even if 
it is used in water-tight bags. It was 
the need to extend field-mixing methods 
to wet-hole blasting and the idea “if 
you can’t lick it, join it” that prompted 
the development of slurry (9, 10). 
Aside from water compatibility, the 
advantages of slurry as compared with 
prills and oil are its high density (twice 
the density of prills and oil), which 
permits it to be used at much higher 
bulk strengths with accompanying large 
savings in drilling costs (since fewer 


or smaller boreholes are required), and 
up to four times greater borehole pres- 
sures, affording much better rock 
breakage at the bottom of the borehole 
where breakage is most difficult. Many 
operators are therefore using slurry 
even for dry shooting, especially where 
the rock is hard and difficult to blast 
and where drilling costs are high. 
Slurry made with half again as much 
coarse TNT as that used in formula- 
tions designed for holes of 4-inch di- 
ameter and greater (Table 1) and care- 
fully oxygen-balanced—for example, 
by adjusting the ammonium nitrate- 
sodium nitrate ratio to obtain satisfac- 
tory “fumes”—is currently under study 
for use in underground blasting (//) 
in holes of small diameter (1.5 inch to 
3.0 inches). 


Blasting Methods 


Major advances in blasting methods 
preceded the  prills-and-oil —_break- 
through. Detonating fuse, first formu- 
lated with a lead-bound TNT core 
(“Cordeau”), became an_ important 
blasting accessory with the introduction 
of Primacord, a cloth- or plastic-bound 
detonating fuse containing a pentaery- 
thratol tetranitrate core ranging in 
amount from 1 to 400 grains per foot. 
Primacord permitted the successful 


Table 1. Some properties of the prills-and-oil, slurry blasting agents, and cast boosters as compared with dynamite and fine-grained TNT. 

















Prills and oil (94 /6) Slurry Cast boosters Dynamite 
a TNT 
Property Organic- “ ” “ 
Guhr AN coated =» DBA-It_ = DBA-2_—Prgeore baat (fine) 50% Forcite 75% Gelatin 
AN* 2: 
Density 
pi (gm /cm3) 0.82 0.88 1.52 1.68 A 1.65 0.87 1.4§ 1.4 
Detonation velocity D (km/sec) 
Theoretical 4.2 4.5 6.4 6.8 7.8 7.6 4.7 6.5 
D (10 in. borehole)|| 4.05 6.15 
D (5 in. borehole)|| Soot 3.05 Seay ee | 
D (5 in. unconfined)# 2.47 2.67 4.9 5.8 6.5 
D (1.25 in. unconfined) 7.8# 7.6 4.7 4.4 4.9 
Strength 
A (kcal /gm) calc. 815 845 8804] 8404] 965 965 800 720 950 
Seismic strength results# 814 850 8709] 8609 (800) 
Detonation pressure 
P2 (kbar) calc. 40 48 150 180 219 42 135 
Aquarium method (5 in. 
unconfined)** 135 85 126 215 (3 in.) 220 (2 in.) 37 (1.5 in.) 
Borehole pressure 
p; (kbar) calc. 18 21 75 90 22 49 60 
Minimum booster (gm cast 
pentolite)# 40 5 80 10 +t tt §§ §§ §§ 
Critical diameter d, (in.)# 4 4 4 | 25 0.25 0.25 0.25 0.25 
High velocity impact# sensi- 
tivity (kcal at 50/50 
detonation-failure point) 130 15 >2500 500 130 <0.2 
* The organic coating referred to here is the product sold under the trade name “‘Petro-Ag”. It is used only to the extent of about 25 parts per million. + 60/15/25 AN/SN/ 
coarse TNT. ff 32/32/36 AN/SN/TNT slurries with 10 to 20 parts water, 0.2 to 0.4 part guar gum and sometimes also 0.02 to 0.04 parts sodium borate. § Blaster’s 


Handbook (Canadian Industries Ltd., Montreal, 1957). 
Montreal, 1959). 


1106 


|| A, Bauer, Rock Mechanics—Blasting Characteristics of Frozen Ore and Overburden (Canadian Industries Ltd., 


# Measurements by Intermountain Research and Engineering Co., Inc., Salt Lake City, Utah. 
of Metals and Explosives Research, University of Utah), unpublished. 


tt Cap sensitive (core only). 


tt Blasting cap. 


Dry basis. ** A. Bauer and M. A. Cook (Institute 
§§ Smallest blasting caps. 
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elimination from the borehole of blast- 
ing caps in large-diameter blasting; this 
was a great advantage from the stand- 


point of safety, Primacord being rela- . 


tively much less hazardous than blasting 
caps, owing to (i) the use of a less 
sensitive explosive and (ii) the protec- 
tion afforded the explosive core by the 
soft, pliable sheath. Moreover, the use 
of Primacord greatly simplified and 
facilitated the loading of large, multi- 
ple-hole blasts. 

“Millisecond-” or “MS-delay” blast- 
ing, introduced more than a decade ago 
with the “Rockmaster” system of the 
Atlas Powder Company, provided an 
accurately timed, sequential blasting 
system. It was based at first on instan- 
taneous caps fired in proper sequence 
and at appropriate (10- to 30-milli- 
second) intervals by special delay 
switching methods. Its early success 
led later to the development of special 
millisecond-delay blasting caps and still 
later to convenient millisecond-delay 
Primacord “connectors” or relays (see 
Fig. 2). Millisecond-delay blasting re- 
sulted in significant reduction in powder 
requirements, improved fragmentation, 
and marked reductions in seismic wave 
intensities; seismic waves from large 
blasts may become quite disturbing in 
surrounding residential and industrial 
areas when large multiple-hole blasts 
are fired without the use of the milli- 
second-delay methods (/2). 

Detonating systems for large, multi- 
ple-hole blasting were finally complete- 
ly streamlined with the introduction in 
1956 of a “ridiculously” small (160 
gram) cast Pentolite booster (50 per- 
cent trinitrotoluene, 50 percent penta- 
erythratol tetranitrate) in place of the 
earlier very cumbersome booster sys- 
tems (13-15). Slurry and the prills and 
oil mixture can be detonated with as 
little as 40 to 80 grams of cast Pento- 
lite. Moreover, with the 160-gram cast 
Pentolite booster, one may tolerate ap- 
preciable deviations—for example, at 
least + 3 percent—from the desired 6 
percent of fuel oil in prills and oil, 
sensitivity usually dropping appreciably 
as the oil contact drops below 3 or 
increases above 9 percent. Conse- 
quently, this booster, now marketed by 
Canadian Industries Limited under the 
trade name “Pento-Mex,” proved en- 
tirely adequate, much to the amaze- 
ment of old-timers, and effected savings 
sometimes of 90 percent or more in 
booster costs. 

The advantages of cast boosters are: 
(i) superior boostering action, (ii) 
superior water resistance (actually they 
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are perfectly water-resistant), and (iii) 
unexcelled safety features, safety being 
of vital importance in boosters because 
they are usually the most dangerous 
elements in a large blast; the only 
blasting caps needed are attached after 
the charge has been loaded and the 
area has been cleared for firing. Un- 
fortunately, only the most sensitive cast 
explosives, such as Pentolite, detonate 
with Primacord, at least in the eco- 
nomical (40- to 60-grain/ft) sizes. By 
taking advantage of this situation and 
the high brisance of Composition B 
(55.5 to 59 percent of cyclonite or 


Diagrams of loaded well-drill holes. 


RDX, 40 to 42 percent of TNT, and 
1.0 to 4.5 percent of special organic 
coating agents), the superior “Procore” 
boosters were developed (/3—15). The 
Procore booster comprises a Primacord- 
insensitive main booster charge and a 
Primacord-sensitive (protected) inner 
core of Pentolite or pentaerythratol 
tetranitrate, which fires the main charge. 

Blasting systems based on Procore 
or “Pento-Mex” boosters in systems of 
the type illustrated in Fig. 1c comprise 
the most reliable, safest, and cheapest 
detonator systems for blasting agents in 
the modern industry. 
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Characterization of Blasting Agents 


Explosive properties important in 
blasting are (i) detonation velocity D, 
(ii) “strength,” or maximum available 
energy A, (iii) borehole pressure p;, 
(iv) detonation pressure p., and (v) 
sensitivity. 

Detonation velocity has long served, 
in lieu of a more fundamental criterion, 
as the criterion of intensity of the ex- 
plosive. Explosives having the highest 
detonation velocity usually develop the 
highest brisance or shattering action, 
the property needed in blasting ex- 
tremely hard rock; those of low detona- 
tion velocity are usually nonshattering 
and adaptable for blasting soft rock and 
for producing block stone and lump 
coal. Low-velocity explosives of high 
strength generally develop good heav- 
ing action, a term used to imply low 
but sustained pressure. There are well- 
known exceptions to these rules; the 
detonation velocity is merely a useful 
approximate criterion of the important 
intensity property of the explosive; it 
is not always a reliable criterion, espe- 
cially for widely different types of ex- 
plosives. Sometimes this is simply be- 
cause the velocity measured in the 
laboratory is somewhat different from 
the real borehole velocity. (The meas- 
ured velocity D may be much lower 
than the ideal hydrodynamic or theo- 
retical maximum velocity D*; more- 
over, it usually increases relatively 
rapidly with diameter and confinement, 
especially in blasting agents.) In other 
cases the detonation velocity is an un- 
reliable criterion for a more funda- 
mental reason. The more fundamental 
intensity property characterizing a blast- 
ing agent is its borehole pressure p,— 
that is, the peak pressure developed in 
the borehole (16). The pressure-time 
curve of the explosive in borehole blast- 
ing is characterized by (i) the intensity 
property, borehole pressure p,, and (ii) 
the extensity property, maximum avail- 
able energy A. Together, these prop- 
erties determine, along with loading 
conditions, how rapidly the pressure 
drops from the peak pressure p, to the 
final effective pressure p, where it 
ceases to do useful work. 

The detonation pressure p, is defined 
hydrodynamically by the equation 


p2=mDW + pr (1) 
where p, is initial density, W is particle 
velocity, and p, is initial pressure (usu- 
ally completely negligible). The den- 
sity p, in the compression part of the 
detonation wave is 1.25 to 1.4 times 
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the initial density p,. Therefore, p, is 
roughly twice as great as the “adia- 
batic” or “explosion” pressure p,— 
namely, that hypothetical pressure 
which would be developed by explosion 
at constant volume and without heat 
loss to the surroundings. The borehole 
pressure p; is identical to the adiabatic 
pressure p, when the loading density 
A is unity, but when A is less than unity 
the borehole pressure is less than pz, 
pressure being very sensitive to density. 
The borehole pressure p; may be de- 
fined simply as the adiabatic explosion 
pressure at the (effective) density pA. 
With the borehole-pressure concept one 
allows automatically for free expansion 
from the volume p,~-* per unit mass to 
the volume (p,A)-? per unit mass, 
realizing that in free expansion no use- 
ful work is done, useful work being 
accomplished by the explosive only in 
direct application of pressure against 
the burden. 

Velocity usually varies approximately 
linearly with density as follows: 


D=a + bp: (2) 


a and 5 being constants depending on 
the explosive and its D/D* ratio. The 
approximations W/D = 1/4 and p,/p. 
= 0.5 are reliable only within about 
20 percent, but a useful approximation 
atA = 1.018 


pi = (D* — aD*)/4b (3) 


Therefore, only within the limitations 
of Eq. 3 is the velocity a suitable cri- 
terion of the more fundamental bore- 
hole pressure, but it is in any event 
clearly more complicated than a simple 
linear one in D. The velocity criterion, 
moreover, does not take proper account 
of the influence of loading density, Eq. 
3 applying only when A = 1.0, and 
even then only as an approximation. 
Today, the use of velocity as the 
criterion expressing the intensity prop- 
erty of the explosive is considered not 
only ambiguous but unnecessary be- 
cause the truly fundamental borehole 
pressure criterion may be applied rap- 
idly, accurately, and reliably upon 
purely theoretical grounds. For this 
purpose one employs velocity data, not 
as a blasting criterion, but in determin- 
ing the necessary equation of state of 
the products of detonation (77, 18). 
Indeed, studies based on the thermo- 
hydrodynamic theory of detonation (7) 
have already established a general (al- 
though empirical) equation of state for 
high explosives from which the two 
main blasting criteria, borehole pressure 





and strength, may be accurately com. 
puted for any explosive without even 
knowing its detonation velocity (J). 

Quite aside from a blasting criterion, 
observations of detonation velocity pro- 
vide extremely useful information for 
gauging the performance of an explosive. 
For instance, one may use variations 
with diameter of the ratio of observed 
velocity D to ideal velocity D* to pre- 
dict the rate of chemical reaction in 
detonation (/7), frequently an impor- 
tant factor in explosive performance. 
Figure 3 illustrates some velocity tran- 
sients recorded by a fast electronic 
oscillograph with prills and oil in 4- 
inch and slurry in 5-inch unconfined 
charges, using the “Pento-Mex” boost- 
er; knowledge of such transients is 
of great value in the selection of the 
appropriate booster and in the design of 
the blasting agent. Instructive, also are 
results of modern ultra-high-speed and 
rotating-mirror framing and “streak” 
photography of these effects. Figure 4 
shows some distance-time results (the 
slope gives velocity) revealing the in- 
fluence of different boosters for prills 
and oil, Note that the heavy (400 grain 
per foot) Primacord boostering of prills 
and oil is unreliable and inferior; the 
wave starts out from the Primacord 
boosters at phenomenally low velocity 
and picks up only very sluggishly, if 
at all. In contrast, the “Procore” 3C 
booster (380 grams) initiates the prills 
and oil right at its steady-state velocity, 
without an intervening transient. A 
striking result shown in Fig. 4 is that 
the Procore 2A booster, weighing only 
160 grams, initiates prills and oil even 
more effectively than a charge four 
times larger of the very powerful 75- 
percent gelatin dynamite. 

Modern, ultra-high-speed electronic 
oscillograph methods have recently 
been applied to measure detonation 
velocity in the borehole itself (179, 20). 
The most valuable result obtained from 
these studies was the finding that the 
ratio (D/D*) of the measured velocity 
to the ideal one was practically unity 
in large-diameter boreholes for most of 
the blasting agents (Table 1). This 
result negates a great deal of effort 
that has been expended to increase the 
ratio D/D* in prills and oil—for ex- 
ample, by the use of special coatings 
and careful particle-size control of the 
ammonium nitrate and by regulation 
of the oil content, sometimes to as low 
as 2 percent to achieve the maximum 
veiocity and sensitivity in spite of the 
adverse effect on strength. 

Strength, or maximum available 
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Fig. 3 (left). Velocity transients in unconfined prills and oil (94/6) and slurry with “Pento-Mex” boosters. Fig. 4 (right). 
Distance-time records in prills and oil (94/6) with different boosters. 


energy A, may today be obtained accu- 
rately and reliably directly from theo- 
retical computations. It is fundamen- 
tally defined by the work integral 


Ve 
A - | pdV (4) 


Vi 


where v; and v; are the specific volumes 
in the initial and final states, respec- 
tively. Until recently, experimental 
methods for measuring strength in 
blasting agents were lacking, conven- 
tional methods for dynamites (the 
“ballistic mortar” and the “Trauzl 
block” methods) being not only inap- 
plicable but of very questionable accu- 
racy even for dynamites and of no 
value for blasting agents. Therefore, 
the recent development of two field- 
representative methods for measuring 
strength represent significant advances 
in the technology of blasting agents. 
These are a cratering method (2/) 
and a seismic method (/4).. In each, 
strength A is measured for large charges 
at unit loading density underground— 
the condition encountered in practice; 
in the ballistic mortar one uses only 10 
grams of explosive at a loading density 
of only about 0.04, and in the Trauzl 
block method the sample size is also 
only about 10 grams but the loading 
density is unity. The cratering method 
developed by Livingston is based on 
the determination of critical depth for 
cratering, the crater size as a function 
of charge weight, and the extent and 
velocity of “throw-rock,” all being re- 
lated in interesting and enlightening 
ways in the theory of cratering. Besides 
providing a measure of the strength A 


as a basic parameter, the cratering. 


method also yields important informa- 
tion on rock fracture and adaptability 
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of explosives in particular types of 
rock. 

The seismic-strength method relates 
A to the portion of the total seismic 
wave energy recorded by the instru- 
ment at a fixed distance (preferably 
about 2500 feet) from charges of ap- 
propriate size (preferably about 25 
pounds) fired at a fixed depth (usually 
about 3 feet) in a uniform medium. 
Appropriate media are water, sand, and 
uniform aliuvium. For good repro- 
ducibility in alluvium, a deep, uniform 
formation should be selected and the 
same shot hole should be used repeat- 
edly, test shots being fired alternately 
with calibration shots to eliminate ef- 
fects of possible changing environ- 
mental conditions. For shots in water 


it is necessary only that the body of 
water be extensive enough that the 
banks and bottom do not shatter and 
undergo change during testing. Loose, 
fine-grained TNT provides an excel- 
ent, reproducible standard for calibra- 
tion of the seismic-strength system and 
for reference purposes. 

While it may not be obvious that the 
seismic-strength method is a true meas- 
ure of strength, one may justify it as 
follows. (i) The measured total seismic 
energy varies linearly with the charge 
weight, as required by any suitable 
strength method (Fig. 5). (ii) Results 
do not depend on the density p, any 
more than to the extent expected from 
the theoretical variation of A with den- 
sity, which is usually negligible, and 
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Fig. 5. Measured relative seismic energies for fine TNT at 0.9 gram per cubic centi- 


meter. 
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they depend not at all on the detona- 
tion velocity D. (iii) Results compare 


favorably with computed relative 
strengths A/A,, where A, is_ the 
strength of the TNT standard (Table 
1). (iv) From the theoretical view- 
point it is sufficient to realize that under 
constant shot-hole conditions the ratio 
of seismic energy to total energy should 
remain approximately constant, and 
that because the geometry is fixed, the 
instrument records a constant portion 
of the total seismic energy. 

The seismic-strength method has the 
advantage over the cratering method 
of relatively low cost and rapid appli- 
cation, but it yields no fundamental 
information on rock fracture. 





Fig. 6. The aquarium. (Top) Side view; light bomb at right; charge protruding into 


Methods for measuring pressure have 
heretofore been completely lacking, 
owing to the formidable technical diffi- 
culties involved in measuring the ex- 
tremely high pressures generated by 
explosives which, in some cases, may 
exceed 300 kilobars. The recent de- 
velopment of the “aquarium method” 
for measuring pressures thus represents 
a major technological advance (22). 
By this method one may now measure 
not only the detonation pressure p, but 
also high-intensity shock pressures in 
various media and possibly even bore- 
hole pressures, although the latter meas- 
urements have not yet been attempted. 
The aquarium method was recently ap- 
plied to calibrate the “card-gap” test, 





the aquarium. (Bottom left) End view. (Bottom right) Typical streak camera (time- 


distance) trace of shock wave in water. 
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the conventional ‘“sensitiveness” test 
for monopropellants (23). In “sensi- 
tiveness” tests one measures the critical 
gap between a donor and a receptor 
yielding 50 percent detonations and 50 
percent failures of the receptor, results 
in the card-gap test being expressed as 
the number of 0.25-millimeter plastic 
cards comprising the gap between the 
donor and the receptor charges at this 
50/50 point. In the aquarium method 
one measures, by means of an ultra- 
high-speed streak or framing camera, 
the initial shock velocity V,, in water 
as the shock from the explosive, or a 
medium in question, enters the aquar- 
ium (see Fig. 6). The following 
well-established “impedance mismatch” 
equation may then be applied to com- 
pute, from the measured pressure p, 
in water, the actual pressure p,, in the 
medium in question: 


pu = pw [(eV)w + (PV)ml/200V)~ (5) 


One must, of course, also measure the 
shock velocity V,, and density p of the 
medium and establish the relationship 
between the pressure p,, and V,, for 
water. The necessary calibration curves 
expressing the pressure-velocity rela- 
tionship p(V) for water have been 
established by observing, with the same 
(back-lighted) aquarium method, the 
velocity V and “free surface velocity” 
V, (V; is twice the particle velocity 
U) at the water free surface, with 
shocks of various intensities ranging 
from as low as 1 kilobar to above 140 
kilobars (Fig. 7). In this method one 
also makes use of the hydrodynamic 
equation relating pressure to_ initial 
density p, shock velocity V, and parti- 
cle velocity U—namely, 


p = p.VU = pV V:/2 (6) 


Other transparent liquids or solids may 
also be used to measure pressures in 
this way; for example, calibration 
curves have also been established for 
Lucite, which has been used to measure 
pressures under conditions where the 
aquarium method cannot be applied. 
As a matter of fact, by immersing a 
charge or device in an aquarium, a 
high-speed framing camera can be used 
to establish accurately the pressure con- 
tours surrounding an entire charge of 
explosive or device (see Fig. 8) when 
the scale factor and framing rate of the 
camera are known. 

Detonation pressure is the most sig- 
nificant property of a booster. For ex- 
ample, one requires only a tenth as 
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much cast Pentolite (detonation pres- 
sure Py = 215 kbar) as loose TNT of 
density 0.9 gm/cm*® (p, = 50 kbar) 
and less than 0.25 as much cast Pento- 
lite as 75-percent gelatin dynamite of 
density 1.4 gm/cm*® (p, = 135 kbar) 
to detonate prills and oil made with 
kieselguhr-coated, prilled ammonium 
nitrate. The influence of the detonation 
pressure is even more important in 
the boostering of slurry-type blasting 
agents. 

Sensitivity is a vitally important fac- 
tor in characterizing blasting agents. 
From a practical viewpoint, perform- 
ance sensitivity and hazard sensitivity 
represent two quite different types of 
sensitivity and, indeed, require quite 
different experimental methods for their 
determination, the one measuring the 
reliability of performance and the other, 
the relative hazards involved in the 
formulation, handling, storing, and 
transportation of the blasting agent. 
The conventional performance-sensi- 
tivity test for dynamites is the air-gap 
“sensitiveness” test in which one meas- 
ures the maximum air gap over which 
detonation will propagate by influence 
from a 1.25- by 4-inch (“half cartridge 
test”) or a 1.25- by 8-inch (“whole 
cartridge test”) donor to a like receptor. 
This test is useful in predicting the 
field performance of dynamites because 
cartridges may sometimes be separated 
by air gaps in the borehole. The “drop 
weight” or “impact” test is a familiar 
hazard-sensitivity test, suitable, how- 
ever, only for testing dynamites and 
other sensitive explosives because only 
negative results are obtained with less 
sensitive types. In this test one deter- 
mines the impact energy for 50 percent 
detonations and 50 percent failures of 
about 25 milligrams of explosive placed 
between small metal cylinders. Fric- 
tion, heat, and shock sensitivity tests 
are also available, to evaluate the haz- 
ard sensitivity of sensitive explosives, 
but unfortunately none of these tests 
is applicable to blasting agents, since 
only negative results are obtained. It 
has, therefore, been necessary to estab- 
lish whole new series of sensitivity tests 
for blasting agenis (9, 11, 14, 19, 24, 
259: 

The applications of blasting agents 
dictate three types of performance- 
sensitivity measurements—namely, (i) 
the critical diameter d, (the minimum 
diameter for uniform, consistent propa- 
gation), 
needed to detonate the blasting agent, 
and (iii) the large diameter gap “sen- 
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Fig. 7. Calibration p(V) curves for water 
shock waves (36). 


sitiveness” in which the gap between 
a donor and receptor is, for example, 
an aqueous solution (//), dirt or other 
inert substance, or even air—material 
that might in practice interrupt the 
continuity of the explosive column. 
Critical diameter and minimum booster 
sensitivity tests have been used exten- 
sively in recent methods of studying 
performance sensitivity of blasting 
agents. The agents may be measured 
for charges in thin paper tubes six 
or more charge diameters in length or 
they may be measured under heavy 
(for example, steel) confinement. If a 
blasting agent can be detonated and 
propagated satisfactorily in a given 
charge diameter either bare or in a 
thin paper tube (such charges are 
referred to as “unconfined’’), it will 
be expected also to perform satisfac- 
torily in the same or larger diameter 
in the borehole, because the minimum 
booster requirement and the critical 
diameter both decrease as the degree of 
confinement is increased. For example, 
the unconfined critical diameter d, and 
the minimum booster of prills and oil 
and large-diameter slurry are about 4 
inches and 40 grams of cast Pentolite, 
respectively. On the other hand, these 
agents can sometimes be propagated in 
even 2-inch diameter when less than 
20 grams of Pentolite are used as the 
booster. For this reason, to simulate 
a borehole confinement some prefer to 
carry out performance-sensitivity meas- 
urements in steel pipe (19, 24). On 
the other hand, while the critical diam- 
eter measured in pipe is usually con- 


siderably less than in a borehole, in one 
investigation the critical diameters 
measured for several mixtures of am- 
monium nitrate and fuel oil in soft 
ground agreed closely with those meas- 
ured in unconfined charges but were 
appreciably greater than those obtained 
in steel pipe (6). This illustrates the 
danger in reliance upon results obtained 
under artificial confinement. 

Measurements of the minimum boost- 
er sensitivity may be based on a uni- 
form series of cast Pentolite boosters 
of different sizes. Some investigators, 
however, prefer to use different num- 
bers of blasting caps in a bundle or 
different numbers of Primacord strips 
bundled together as the measure of the 
minimum booster sensitivity (19, 24, 
25). It is good practice in any case 
to measure the minimum booster sen- 
sitivity in diameters at least i inch 
greater than the critical diameter to 
avoid confusing results with the ability 
of the charge to propagate. Also, one 
should use charges six or more diam- 
eters in length to make sure that the 
explosive actually reaches high-order 
detonation in a minimum booster sen- 
sitivity test. 

If one were to rely on the measured 
critical diameter in unconfined charges 
as a measure of borehole performance, 
he would not, of course, attempt to 
shoot prills and oil in a diameter be- 
low 4 inches, irrespective of the type 
of ammonium nitrate used (/4). Still, 
the prills and oil mixture has been shot 
satisfactorily in boreholes of smaller 
diameter (usually, however, of short 
length) by using several periodically 
spaced boosters. In some _ instances 
costly failures have resulted in attempts 
to use prills and oil in long boreholes 
2 to 2.5 inches in diameter. On the 
other hand, the critical-diameter cri- 
terion of performance sensitivity for 
unconfined charges justifies the use of 
the more sensitive slurry types (see 
Table 1, DBA-2) in diameters as small 
as 1.5 inch, with only one small (1.25- 
by 1.50-inch) cast Pentolite booster in 
each hole. Indeed, this blasting agent 
has been fired satisfactorily in boreholes 
1.5-inch in diameter and 150 feet long 
with but one small Pentolite booster. 

The uniformly negative results ob- 
tained with blasting agents in conven- 
tional hazard-sensitivity tests is dan- 
gerous because it has led some to 
underestimate the hazards. Fuel-sen- 
sitized, fertilizer-grade ammonium ni- 
trate is not itself without hazard, as 
emphasized by the great Texas City 
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and similar disasters involving ammo- 
nium nitrate coated with about 0.75 
percent of organic material. Moreover, 
the prills and oil mixture has actually 
been observed to explode spontaneously 
upon standing in large (stemmed) 
boreholes, owing to chemical incom- 
patibility of prills and oil with certain 
contaminants which causes self-heating, 
ignition, and ultimately, spontaneous 
explosion. Clearly, moreover, the prills 
and oil mixture is quite as dangerous 
as dynamite when it is loaded in a 
truck together with dynamite, as was 
emphasized by the recent Roseburg, 
Oregon, disaster. 

A novel high-velocity impact test has 
recently been developed as a positive 
hazard-sensitivity test for blasting 
agents (JJ). This test consists of hurl- 
ing steel plates into charges of blasting 
agent (9 inches in diameter, 18 inches 
long) by means of Composition B 
charges of appropriate size and from 








a standoff distance of 20 feet. The 
sensitivity is expressed in terms of the 
kinetic energy of the impacting plate 
when 50 percent detonations and 50 
percent failures result. For blasting 
agents, plate velocities should be in the 
range of 1.8 + 0.5 km/sec; appropri- 
ate plate sizes fall in the range of 1 
inch in diameter by 0.125 inch in thick- 
ness to 10 inches in diameter by 1 inch 
in thickness. This sensitivity is to be 
compared with that of dynamites, 
which may be detonated simply by the 
spit of a blasting cap at comparable 
stand-off. 

Results obtained by the high-velocity 
impact method (Table 1) thus illus- 
trate the vast superiority of blasting 
agents over dynamites as regards haz- 
ard sensitivity and show strikingly why 
dynamite tests are inapplicable for 
blasting agents, and vice versa. For 
instance, 60- and 75-percent dynamites 
detonated consistently (or nearly so) 


Fig. 8. Megaframe-per-second photographs of a cylindrical charge detonated in the 


back-lighted aquarium. 
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at impact energies of less than 0.2 kilo- 
calorie, whereas prills and oil made 
with kieselguhr-coated ammonium ni- 
trate detonated half the time at an im- 
pact kinetic energy of 130 kilocalories, 
This means that this blasting agent has 
a hazard sensitivity less than 0.001 that 
of dynamite (JJ). Another striking 
result was the fact that prills and oil 
made with an organic-coated, prilled 
ammonium nitrate had nine times high- 
er impact sensitivity (15  kilocalories 
at the 50 percent detonation 50 percent 
failure point) than prills and oil made 
with kieselguhr-coated fertilizer-grade 
ammonium nitrate. 

Slurry exhibited phenomenally low 
impact sensitivity, the large-diameter 
slurry (DBA-1, Table 1) failing to deto- 
nate at all with the exceedingly high 
impact energy of 2500 kilocalories; 
even the more sensitive, small-diameter 
slurry (DBA-2, Table 1) exhibited a 
50/50 point of 500 kilocalories. 

Illustrative of the great superiority of 
the cast boosters over the dynamite 
boosters, the Procore 3C exhibited a 
50 percent detonation 50 percent fail- 
ure point in the high-velocity impact 
test of 130 kilocalories, the same as for 
prills and oil made with kieselguhr- 
coated ammonium nitrate. 


Rock Mechanics 


Rock mechanics constitutes a vital, 
but too little investigated, facet of min- 
ing research. If the science of rock 
fracture were sufficiently developed it 
would be of great value in the opera- 
tions of drilling, blasting, loading, and 
crushing of rock. Fortunately, a vigor- 
ous world-wide interest in rock me- 
chanics has developed during the past 
few years, and already many highly 
beneficial results have been obtained 
(21, 26-29). Million-frame-per-second 
color photography of wave propaga- 
tion and fracture in transparent solids 
has provided striking new fundamental 
information on the modes and mech- 
anism of fracture of solids in impact 
loading by detonation and shock waves 
(29). Figure 9 shows such a sequence 
in Lucite, in which several types of 
fracture patterns as well as the behavior 
of interacting shocks are clearly evi- 
dent. 

One has to consider primarily three 
types of rock fracture: compression, 
shear, and tensile. Rock breakage is 
maximized in a blast when the blast is 
carried out in such a way that the frac- 
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ture is of the type which the rock is least 
able to resist. Generally, hard rock has 
very high compressive strength, moder- 
ately high shear strength, but relatively 
low tensile strength. For example, in 
a typical hard rock the ratios of com- 
pressive to shear to tensile strengths 
may be approximately 100/10/1. One 
expects, therefore, that the best break- 
age will occur under conditions where 
the tensile forces are maximized and 
the shear and compression forces are 
minimized. Often a new free face of a 
well-engineered blast shows a _ semi- 
borehole in the vicinity of which one 
observes very little evidence of rock 
fracture by compression. Since the 
borehole pressure p, is much higher 
than the compressive strengths of rock 
recorded in the laboratory, the absence 
of appreciable compressive fracture in 
the vicinity of a borehole in a well- 
engineered blast confirms the belief of 
many that true compressive strengths 
of rock are much higher than those 
indicated by results recorded in the 
laboratory. Compressive strengths ob- 
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Fig. 9. Megaframe-per-second photographs of shock waves and fragmentation 


served in laboratory tests are invariably 
complicated by artificial, circumstantial 
shear and tensile fracture incurred by 
the use of excessively small samples 
(30). Thus, in most hard-rock blasting 
one generally needs to consider only 
shear and tensile fracture processes. 
On the other hand, in the softer, more 
porous and pliable rock the shear and 
compressive strengths may be compara- 
ble in magnitude to the tensile strength, 
which then becomes a factor of chief 
concern. 

Because of the usual high shear- to 
tensile-strength ratio of rock, much 
more energy is consumed in breaking 
under shear than under tensile forces. 
Furthermore, much stronger seismic 
waves develop, because the intensity 
of a seismic wave is determined largely 
by the ultimate strength of the rock 
(28). Herein lies much of the secret 
of the success of millisecond-delay 
blasting. In other words, the elimina- 
tion of shear forces, permitting the 
rock to break under tension, is no 
doubt responsible for the appreciable 


patterns in back-lighted Lucite. 





effectiveness of the millisecond-delay 
blasting. 

At least two types of compression 
waves are generated by the blasting 
agent: (i) the initial shock wave, which 
is simply a continuation of the detona- 
tion wave, the reflection of which at the 
free surface produces fragmentation 
whenever the tension in the reflected 
tensile wave exceeds the tensile strength 
of rock, and (ii) a much broader and 
enduring compression “wave” in which 
breakage ultimately results either in 
shear fracture or in what may be called 
rock bursting, a type’ of “release-of- 
load” fracture {27). When shear and 
tensile forces cannot develop, the rock 
is first compressed and remains under 
compression for a relatively long time 
after the initial shock wave has passed, 
owing to the prolonged application of 
pressure by the detonation gases. When 
eventually this compression is. relieved 
as the pressure in the gases drops to a 
critically low value, the energy stored 
through compression will usually result 
in ultimate explosion of the rock. Milli- 
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second-delay methods have the effect 
of uncoupling the burden of one shot 
hole from that of the adjacent ones, 
so that the desirable tensile wave and 
release-of-load, or rock-bursting, type 
fractures may predominate over the 
more costly shear-type fracture. 
Tensile fracture is vitally important 
in small-diameter “drift rounds.” This 
is perhaps best illustrated by the suc- 
cess of the popular “burn cut” round, 
in which one provides a sizable open 
relief hole—that is, an empty hole of 
2- to 4-inch diameter—at the center of 
the burden (31). The round is then 
timed so that those holes closest to the 
relief hole fire first and break into it, 
creating a still larger relief hole. The 
next nearest holes are then fired, and 
so on until the entire burden has been 
broken, largely by tensile fracture, 


Future Developments 


The most important present trend in 
blasting is the concentrated effort to 
replace dynamites by blasting agents 
in small-diameter, underground mining. 
Problems here are manifold. Dyna- 
mites usually require no boosters but 
merely blasting caps or Primacord fuse 
to detonate them and are ideal from 
the standpoint of physical texture and 
ease of handling, in which respect they 
will probably never be excelled. But in 
addition to being extremely hazard- 
sensitive, both the explosive itself and 
(usually) its products of detonation are 
quite toxic. Blasting agents are much 
more difficult to handle because they 
require special boosters, have less desir- 
able physical characteristics, and re- 
quire special loading techniques because 
of their marginal performance-sensi- 
tivities, particularly in small-diameter 
boreholes. Their great advantages are 
(i) low cost, (ii) nontoxicity (this may 
not apply as far as their “fumes” are 
concerned), and (iii) low hazard sen- 
sitivities. Booster requirements of blast- 
ing agents for small-diameter use can 
be met only by careful control of sen- 
sitivity, permitting the use of minimum, 
yet adequate, boosters, because booster 
costs become critical in small-size 
charges. Equally difficult is the “fume” 
problem; the noxious products of deto- 
nations, primarily carbon monoxide, 
the oxides of nitrogen, NH,, HCN, 
and so on, may sometimes become very 
dangerous in underground mining with 
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some types of blasting agents as well 
as with some dynamites. The Bureau 
of Mines is currently devoting consid- 
erable research effort to the study of 
fume problems in prills and oil. Re- 
sults to date (32) show that bad 
fumes result largely from reaction 
sluggishness, due mainly to the use of 
the blasting agent in diameters below 
its unconfined critical diameter and to 
inadequate boostering. Theoretically, 
fumes should be excellent in prills and 
oil when the nitrate-oil ratio (by 
weight) is 94.5/5.5. Actually, however, 
even at this ideal ratio the fumes are 
usually relatively poor because the 
chemical reactions in prills and oil do 
not usually proceed to completion in 
small boreholes, especially with mar- 
ginal boostering. 

Slurry adapted to small-diameter 
blasting appears attractive, evidently 
because it has better small-diameter 
propagation characteristics than prills 
and oil. Studies show, in fact, that 
small-diameter slurry specially formu- 
lated with 0 to 3 percent (by weight) 
oxygen deficiency and an adequate per- 
formance sensitivity has excellent fume 
characteristics. 

Despite all the problems involved in 
the use of blasting agents in small- 
diameter, underground blasting, initial 
successes justify the belief that the next 
decade may witness the large-scale re- 
placement of dynamites with the less 
expensive and much safer blasting 
agents. 
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A Computer Program for 


Classifying Plants 


The computer is programmed to simulate the taxonomic 
process of comparing each case with every other case. 


David J. Rogers and Taffee T. Tanimoto 


A complete classification of plants is 
far from realization. Being well aware 
that plants form a dynamic, ever-chang- 
ing group of organisms, no taxonomist 
ever expects a “complete” system of 
classification. Nevertheless, the possi- 
bility that a thorough, integrated sys- 
tem can and should eventually be 
produced must not be dismissed. 

If no more new areas were to be 
explored, if no more collections of 
plants were to be made and stored in 
the world’s herbaria, the number of 
specimens already on hand would still 
provide taxonomists with sufficient re- 
search material to continue their activ- 
ity along present lines for at least 
another 50 years. An even more dismal 
fact is that plant taxonomists tend to 
neglect the plants with which we are 
most intimately associated, the culti- 
vated species. 


Stumbling Blocks to Progress 


One of the biggest stumbling blocks 
to more rapid progress is the vast 
amount of information which must be 
correlated with great care, even for 
very small segments of the plant king- 
dom. Current techniques for compari- 
son of data are largely those used by 
taxonomists for the past hundred years 
—that is, comparing, character by 
character, the specimens, their geo- 
graphic distribution, and the ecologic 
and other data of various units (taxa) 
under study, and slowly accumulating 
sufficient correlation by “inspection” to 
allow a satisfactory system of classifi- 
cation. There is no doubt that the 
taxonomist actually, in his mind, is 
making comparisons of many variables 
when he “shuffles” his specimens, but 
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he has been unable to convert his 
mental picture of these variables into 
a system which can be communicated 
readily. Actually, there is no better 
information retrieval system in use to- 
day than that provided by the taxono- 
mist, zoological or botanical. 

Many efforts have been made to illus- 
trate, diagram, or reduce to formulas 
the various pieces of information which 
are found in plant classification. The 
most significant of these is the work 
of Anderson (J), whose beautifully 
simple diagrammatic techniques have 
been proved valuable in elucidating 
many problems relating to reduction of 
masses of data to understandable and 
workable units. Many efforts have been 
made to use statistical analyses, but we 
feel that many systematists have been 
misled when they have attempted to 
employ statistical formulas, which in 
essence measure linear phenomena, for 
the classification of objects with multi- 
tudes of associated variables. 

Several recent efforts have been made 
to correlate a very large number of 
characteristics (2-4). The procedure 
is to give each of the characteristics 
equal weight; to derive correlation 
coefficients and determine the intervals 
between the correlation coefficients (4) 
which are significant for differentiation 
of taxa; and finally to set up a classifi- 
cation based on these findings. All these 
systems have elements which are com- 
mendable [the accompanying statements 
of these workers imply that the systems 
are closely correlated with “older” 
orthodox classifications of the same 
group (3, 4)]. If these methods were 
not so extremely laborious, they might 
have some chance of ultimate success, 
but most have been carried to such 
lengths that they make the process of 


classification even more difficult than 
it has been in the past. Further, if 
analyses were made of the numerous 
characters utilized in elucidation of an 
“unweighted” system, it would be found 
that within a large number of given 
characters, only certain sets or combina- 
tions of characters are actually sig- 
nificant in accomplishing the job of 
classification. The additional characters 
may be mere accessories. However, the 
value of correlating accessory charac- 
ters with characters of high taxonomic 
significance, for purposes other than 
taxonomic, is not to be disregarded. 

If one examines the taxonomic 
methodology, it may be easily seen that 
in the process employed, even in “clas- 
sical” taxonomy, numbers of characters 
are examined, at first unweighted. Then, 
by a process of elimination, those not 
useful are dropped. “Weighting” is not 
a useless procedure in the process of 
classification. It came to be so con- 
sidered among certain groups because 
the taxonomist took the procedure for 
granted and seldom used specific meth- 
ods to demonstrate the importance of 
one character or another. The taxono- 
mist did not feel that it was necessary 
to demonstrate how a character was 
weighted. For example, roses have 
compound leaves; so do some maples. 
This character is valueless for differ- 
entiation of species of roses, all of 
which have compound leaves, but of 
value for differentiation of box-elder 
maple (compound leaves) from other 
maple species (simple leaves). It has, 
therefore, a higher order of value or 
weight for differentiation among the 
species of maple than it does in the 
genus Rosa. 


A Middle Way 


If the problems are as outlined above, 
is there any middle way by which the 
taxonomist may speed up the process 
of classification? The classical meth- 
ods are slow, and statistical methods, 
frequently too laborious, often do no 
more than demonstrate the obvious. 
Can the techniques employed be tele- 
scoped? Can the data be gathered. 
digested, and weighted in some way to 
assist the botanist and others involved 
in the problem of data correlation to 
do their job more rapidly? 





Dr. Rogers is curator of economic botany at 
the New York Botanical Garden, New York. 
Dr. Tanimoto is a mathematician in the Research 
Division of International Business Machines Cor- 
poration, Yorktown Heights, N.Y. 
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The answer, we think is yes—by the 

application of the electronic computer 
to the taxonomic method. The only 
qualifying comment one should make 
is that this will not reduce the need for 
the trained taxonomist. The specialist 
must know his plants and the discipline 
of taxonomy as well. It would be fool- 
ish to expect a taxonomist to walk into 
the computer room and start pushing 
switches intelligently. It would be 
equally foolish to expect a mathemati- 
cian to walk into the herbarium and 
start classifying plants. 

If we evaluate normal procedures 
employed by the taxonomist—the sort- 
ing of specimens, the examination of 
the literature to see how earlier work- 
ers have classified the same or similar 
plant groups, the integration of geo- 
graphic distribution, the accumulation 
of genetic and ecological data—and 
by means of the computer speed up 
the difficult and slow parts of the proc- 
ess, then the techniques described be- 
low may have some value. The pro- 
gram described here simulates the 
endless process of comparing each case 
with every other case in order to estab- 
lish the degree of similarity between the 
two and thus to sort the cases into 
natural groupings or clusters for clas- 
sification. No set judgment of the 
nature of a species or other taxon is 
implied. The taxonomic rank to be 
assigned to the group or cluster must 
rest finally with the taxonomist. 

The computer program has been 
designed so that the investigator has 
full control over the process at every 
stage of comparing and classifying the 
information. Constant feedback from 
machine to man permits the fullest 
play of the subjective judgment of the 
botanist or other experienced person 
who understands the implications of 
the information being processed. The 
program is flexible enough to permit 
‘the investigator to test intuitive impres- 
sions or “hunches.” It is possible at 
.any time to eliminate a case or an 
attribute found to be irrelevant and to 
introduce new data into the system 
under study whenever the process of 
classifying indicates new _ directions 
which should be explored. 

Some species, genera, and perhaps 
even families are satisfactorily handled 
by normal taxonomic procedure. Clas- 
sifications of these by means of a com- 
puter would be an obvious waste of 
time and money. However, for com- 
plex taxonomic problems, of which a 
very large number exist, the computer 
methods seem ideally suited, 
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Premachine Operations 


It may be helpful to those not fa- 
miliar with the taxonomist’s method 
of data gathering if we describe it 
briefly here. 

The material used as a case study 
in the experimental taxonomy computer 
program consists of 300 herbarium spec- 
imens of Manihot esculenta (cassava, 
yuca, manioc, or tapioca) collected 
by one of us (D. J. R.) (5) in Jamaica 
and Costa Rica. Most specimens rep- 
resent a separate cultivar, but some 
duplication exists. Each specimen was 
selected from a plot in which at least 
15 plants of each cultivar were raised 
under conditions that were nearly iden- 
tical for the 15 plants. Thus, each 
specimen is a rough “population sam- 
ple,” taken to represent, as nearly as 
possible, all the plants of that cultivar. 

A habit photograph was made of 
each specimen at the time of harvesting, 
at a standard distance against a scaled 
board, and field notes were made of 
outstanding characteristics. The form 
and included information were finally 
standardized, and with the resulting 
data sheet it was possible to go directly 
from field data to punched card. 


Choosing the Field Data 


The information placed on _ the 
standardized form was chosen with 
specific reference to its usefulness in 
differentiating the cultivars. Because 
Manihot plants are vegetatively repro- 
duced in culture and because the root 
produces the food, it is desirable to 
distinguish the cultivars by vegetative 
characters, and it is.only of secondary 
importance to know the characteristics 
of the flower, fruit, and seed, Indeed, 
we have never observed some of the 
cultivars in flower, and they may have 
been so highly selected by those who 
use the plants for their basic food that 
flowering seldom occurs. 

Additional data taken from the her- 
barium specimens were added to the 
standardized form after it was returned 
to the laboratory. All the data related 
to gross morphology or to pigmenta- 
tion. No anatomical or biochemical 
information was used. Several attempts 
were made to include findings on the 
hydrogen cyanide content of the roots 
and findings from crude protein anal- 
yses of the foliage (6), but because 
the sample numbers were confused, it 
was impossible to correlate these data 
with all the rest. 


Table 1. Characteristics and attributes. 








Characteristic Attribute Presence 
Gray No 
Color of stem Brown Yes 
Yellow No 
Red No 
; Linear No 
Leaf shape Obovoid Yes 
Pandurate No 





Table 2. Characteristics and attributes. 








Characteristic Attribute Presence 
Acid sand No 
p Basic clay No 
ge -y a Clay and/or sand Yes 
P 8 Volcanic soils No 


No soil preference No 





Because most cultivars of Manihot 
esculenta occur in South America, par- 
ticularly in Brazil, no final conclusions 
on the over-all classification of this 
variable species are possible. However, 
studies of the specimens so far col- 
lected permit a rough classification. 

The computer program has been de- 
signed to analyze both qualitative data 
(that is, data expressed more accurately 
in yes-or-no form than in terms of 
numerical values arbitrarily assigned to 
describe the same qualities) and quan- 
titative data. As an example of qualita- 
tive data, with this program it is possi- 
ble to classify information dealing with 
“intangible” qualities such as variations 
in colors of plants. 

The first step in preparing data is to 
determine which characteristics may be 
distinguishing within the total group 
and for each such characteristic to 
select a suitable set of attributes cov- 
ering the required range of variation. 
Some of the main principles are illus- 
trated in Table 1. 

Clearly, the attributes must be so 
chosen that they are mutually exclusive 
(there must be no more than one yes 
per characteristic). Sometimes this re- 


Table 3. Characteristics and attributes. 








Characteristic Attribute Presence 
Glabrous No 
Glaucous No 
Leaf pubescence Puberulent Yes 
Villose No 
Tomentose No 





Table 4. Characteristics and attributes. 








Characteristic Attribute Presence 
5-10 No 
Leaf lobe length 11-17 No 
18-20 Yes 
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quires that a combination of attributes 
be listed as itself an attribute, as in a 
species which occurs in more than one 
type of soil (Table 2). To record a yes 
for the attribute “no soil preference,” 
which means that any soil will do for 
the plant, is quite different from re- 
cording neither a yes nor a no for any 
attribute in the list, which means sim- 
ply that no information is available on 
that attribute and, therefore, that this 
particular characteristic cannot be eval- 
uated. 

Many subtle characteristics will de- 
mand the subjective judgment of the 
botanist as to whether or not an attri- 
bute is present. For example, keen 
observation would be required to score 
correctly a characteristic such as the 
pubescence of a leaf (Table 3). 

Some information in any system is 
most correctly stated in numerical form, 
especially measurement (of leaf length, 
leaf width, stamen numbers, chromo- 
some counts, and so on). To include 
such characteristics in the computer 
processing, it is only necessary to divide 
or partition the range of values into a 
suitable set of intervals, which are then 
designated as separate attributes (Table 
4). 


Computer Processing 


When all the information has been 
recorded in standardized form for each 
case, specimen, or sample, it is then 
punched into I.B.M. cards for computer 
processing. Within the computer each 
yes is recorded as the value of one, 
while each no is recorded as the value 
of zero. In this form, the computer 
can automatically compare each case 
with every other case, as shown in 
Table 5. 

Next, the computer counts the num- 
ber of one’s common to both and also 
counts the total number of distinct 
attributes (ones) possessed by case 1 
and case 2 to arrive at the similarity 
ratio si: for cases 1 and 2; that is, si 
is the ratio of the number of attributes 
in common in cases 1 and 2 to the 
number of distinct attributes possessed 
by cases 1 and 2 (7). 

If no attributes for the two cases 
match, the ratio will be zero. If s,, is 
not zero, it will always be less than or 
equal to one and signifies that case 1 
is related to case 2. The ratio s,, is 
one when all of the attributes match; 
in particular, the similarity ratio of any 
case with itself is always one. The ratio 
may be interpreted as the probability 
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Table 5. Case comparisons. 





Characteristic 

Attribute 

Case No. 1 

Case No. 2 

Attributes in common in cases Nos. 1 and 2 
Total distinct attributes in cases Nos. 1 and 2 


A B Cc D E 
bed ab abcde abcd abc 
010 01 01000 0100 000 
100 01 00100 0100 100 
000 01 00000 0100 000 
110 @1 61460-6266 -166 





of selecting at random an _ attribute 
common to both cases 1 and 2 out of 
all the attributes possessed by them 
collectively. Hence, a similarity ratio 
which is nearly one would indicate a 
great degree of similarity between the 
two cases. Similarly, a small but non- 
zero value of the ratio corresponding 
to a pair of cases would indicate a 
nonrandom divergence of character- 
istics. 

One may define a “distance” d;; be- 
tween case i and case j by 


di; mel log: Sij 


where s;; is the similarity ratio cor- 
responding to cases i and j, so that if 
the cases are considered as geometrical 
points in a suitable space, the symmet- 
ric matrix (d:;) is quite analogous 
to a mileage chart giving the distance 
between case i and case j. Note that if 
case i is very similar to case j—that 
is, if s;; is nearly one, the distance d;; 
is small, so that case i is very close to 
case j in a geometrical sense as well as 
in a qualitative sense. Function d;; 
defines what is known in mathematics 
as a semimetric space as contrasted 
with a metric space, since the sum of 
two sides of a triangle is not necessarily 
greater than the third. Designation of 
a space as semimetric implies that there 
may be two cases both related to a third 
in such a way that the first two may 
not necessarily even be related to each 
other. However, when a distance func- 
tion defines a metric space, two cases 
which are both related to a third will 
be necessarily directly related to each 
other. Thus, a semimetric space seems 
to be more advantageous for our pur- 
poses. In terms of information theory 
(8), d;; is the total information in 
“bits” conveyed by the event of select- 
ing at random an attribute common to 
case i and case j out of the totality of 
distinct attributes possessed by cases 
i and j. 

First, assuming all of the distances 
d;; to be finite, we define an over-all 
number H; associated with case i by 


H; = D;di; = >;—log.si ; 


That is, H; is the sum of all of the 
n-1 distances (if we have n cases) from 


the case i to all of the other related 
cases, That case i, for which the corre- 
sponding value of H,, is the least, 
Hy, = min H: = min 2;—log:s:; 
i i 


we define as the typical case. Geomet- 
rically it is obvious that case i,, when 
cases are considered as points, is the 
point nearest the centroid of the sys- 
tem of points. (This point may not 
necessarily be unique in certain sym- 
metrical situations.) In terms of prob- 
ability theory, from the additive-multi- 
plicative property of the logarithmic 
function, case i, is that case which is 
most likely to have attributes possessed 
by all of the others; or, in statistical 
nomenclature, case i, is determined by 
a “maximum likelihood” criterion. 
From an information-theory point of 
view, case i, possesses the least pairwise 
over-all total information. (That such 
a case i, is typical has been borne out 
empirically by a computer program in 
several applications.) 

Before the above over-all analysis is 
made, the computer places each case 
in the order of the number of other 
cases to which it is related. This is 
done for each case by making a count 
R; of the number of other cases with 
which case i has at least one attribute 
in common. Suppose that 100 cases 
are being analyzed, that case 1 has 
corresponding to it a value R, = 95, 
and that all of the other R; values are 
less than 95; then case 1 can be con- 
sidered as being more typical than the 
others. Thus, for the general situation, 
using the values R; and H;, the com- 
puter can rank all of the 100 cases for 
typicality, first according to their corre- 
sponding values R; of general typicality 
within the entire collection and then 
according to their H, values relative to 
the other cases having the same R; 


Table 6. “Profile” of typicality. 











R value H value Case No. Ranking 
97 229.0 7 1 
97 238.2 68 2 
96 221.1 42 3 
95 205.9 23 4 
95 211.3 88 5 
95 213.8 1 6 
etc. 
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values. The result is a kind of profile 
of typicality for the collection as a 
whole (Table 6). 

The case i, which ranks first in this 
typicality table is designated as the 
prime node, and around it is formed 
a cluster or a clump of cases very simi- 
lar to it—that is, cases j, j = 1,2,..,n, 
for which 1 — s;,; is small. 


But how similar to the prime node 
should another case be in order to 
qualify for membership in the clump? 
In order to determine what constitutes 
a clump, we introduce the notion of 
a measure of inhomogeneity of a set 
of cases. We shall say that a set of 
points form a single uniform clump if 
the distances between every pair of 
points are all equal; and if, in addition, 
the common distance is large, then 
each point individually can be consid- 
ered a clump. This is the ideal situa- 
tion: when all of the similarity ratios 
corresponding to distinct pairs of the n 
cases are equal to each other, so that 
the total entropy €, over the system of 
n points defining (n/2)(n—1) segments 
can be defined to be 


E, = log: (n/2)(n—-1) 


€, is the maximum value that can be 
attained by an entropy function asso- 
ciated with (n/2)(n—1) segments 
where the probability of selecting a par- 
ticular segment is the equally likely 
geometric probability. In a similar 
fashion we define the total entropy 
E,[(d;;)] of a given set of points de- 
termined by the cases whose distances 
are the elements of the matrix (d;;) by 


E,[(di;)] = 


—4>’ di; 


ia di; 
oy Te (da)) To Waa) I 





where the normalization factor is given 
by 


Trl(di5)] — Y% (2'd;3) 
U 


where 3’ indicates summation only of 
the finite terms after repeated rows and 
columns are deleted. If g is the number 
of zeros in the symmetric matrix 
(d;;) which lie strictly above the main 
diagonal, and A is the number of in- 
finite elements above the main diagonal 
which are not on the same rows and 
columns as the g zeros, then the maxi- 
mum entropy expression €, must be 
modified because of degeneracy (that 
is, points coinciding) and, in addition, 
the lack of h segments, so that it be- 
comes 
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En(g,h) = loge [32 gal): = i| 


Thus, a reasonable measure of inhomo- 
geneity u,[(d;;)] determined by the 
matrix (d;;) can be given by the nor- 
malized difference 


En(g,h) — Enl(dis)] 
Ex(g,h) 


=1 


Un [(dij)] = 





_ En{(dis)] 
En(g,h) 


This expression is identical with Shan- 
non’s definition of redundancy (8). 
At the outset the computer can de- 
termine that a homogeneous set of 
cases constitutes only one clump, or 
that each individual case is a clump. 
If u,, is large, that is, near 1), we then, 
by means of the analysis given above, 
determine the ranking of typicality. 
The computer now considers the 
cases j, j = 1, 2,..., n, for which the 
distance d;,; from the prime node is 


less than the distance d;,;, 


prime node, to the case j, which ranks 
second in the typicality ranking. If 
there are k cases within this “open” 
sphere whose center is the prime node, 
the computer determines the measure 
of inhomogeneity u, of this subset; if 
u;, is small, the case j, which is on the 
periphery of the sphere is added to the 
set, and the new inhomogeneity meas- 
ure ux is computed. This process is 
iterated until the inhomogeneity meas- 
ure suddenly takes a large jump in 
value, thus giving us a subset of cases 
constituting a clump. If u, is large, 
the case nearest the periphery of the 
“open” sphere is removed and the 
measure of inhomogeneity is recom- 
puted. This process is iterated if neces- 
sary. In this case, the worst possible 
situation is that we have only two mem- 
bers in the first clump, which may be 
two distinct clumps of a single case 
each. The prime clump determined in 
this way is then removed from the col- 
lection as a special class to be carefully 
studied. The machine can also auto- 
matically provide an analysis of the 
attributes in this prime clump, which 
would be in effect a profile of the 
differentiating characteristics for the 
central group of cases, 

Similarly, an analysis can be made 
of attributes for the entire collection, 
forming a prime cluster of these attri- 
butes in the same manner as a prime 
cluster of cases is selected. This prime 
cluster of attributes constitutes a profile 
of the most typical attributes when all 
cases are considered. It can be com- 


from the 





pared with the profile of attributes for 
the special class of cases constituting 
the prime cluster, to see what significant 
relationships or divergencies may be 
revealed. 

Likewise, a study can be made of 
the cases which rank lowest in the 
typicality scale, to see if a cluster exists 
there. In the sense of a negation, these 
least typical cases may reveal important 
tendencies which might otherwise go 
unnoticed among the most typical cases 
at the top of the scale. 

Thorough study of all these first 
results may also lead to valuable con- 
clusions about the usefulness or sig- 
nificance of the information in the 
original collection, with indications as 
to which data convey the most infor- 
mation for classification. 

In general, prime clusters, being the 
most typical instances, give the least 
information about the branching ten- 
dencies of natural subgroups within 
the collection. The next step is to re- 
move these most typical cases or char- 
acteristics, or both, from the collection. 
Then the remainder of the information 
can be reanalyzed to reveal more spe- 
cialized clusters of cases and their at- 
tendant attributes. This process may 
be repeated, like the branching of a 
family tree, until the collection is nar- 
rowed down to a residue of only the 
most atypical cases. For example, these 
atypical cases might represent the near- 
est approach to the parent species in a 
hybrid swarm. 

At any stage of the processing, the 
necessary decisions on what direction 
to take next and whether to terminate 
the effort can be made by those most 
able to judge the usefulness of the 
results up to that moment. 

It is clear that this general method 
of classification, which we might call 
taxonometrics, can be applied to many 
areas where many of the data are 
qualitative (9). 
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SM-10—a superb research instrument offering semi micro SELECTA RAPID—the most popular Selecta single pan bal- MPR-S—a two-pan classical micro balance in a modern 
accuracy at a comparatively reasonable price. ance for routine analytical procedures. metal! housing incorporating the latest operating features. 


THE PRECISE BALANCE 
FOR THE PRECISE NEED... 


T-11—the speed and simplicity of a torsion balance for 
samples up to 4 grams with a sensitivity of 0.02 mg 





The increasing use, in every field, of 
SARTORIUS balances is a natural 
consequence of their advanced design, 
unsurpassed craftsmanship in construc- 
tion and the perfection of their per- 
formance. 


With these intrinsic qualities one who is 
considering the purchase of precision 
balances should keep in mind the highly 
trained service staff maintained by 
BRINKMANN, at ever ready call, as well 
as the unconditional service guaranty. 







PROJECTA—a truly modern two-pan balance featuring built- DP-2—the ideal automatic balance for the smaller iabora- 
in weights, air damping and projection scale. tory and university classrooms. 


No balance need nor budget require- 
ment has been overlooked by SARTO- 
RIUS, the world’s largest manufacturer 
of analytical and other fine balances. 





Write for descriptive catalog 442 


' . 
' KILOMAT—a of fully automatic precision bal- SELECTA SMR—a new high sensitivity semi micro balance 
i ances for gross weighings in plant and laboratory. which provides faster operation. 


SARTORIUS 


BRINKMANN INSTRUMENTS, INC., 115 CUTTER MILL ROAD, GREAT NECK, NY. 


Philadelphia « Cleveland « Houston « Miami + Menlo Park, Cal. 
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The Very Finest Instrum 


EMISSION SPECTROSCOPY + INTERFEROMETRY »- LUNAR MAPPING 
X-RAY POWDER DIFFRACTION . ‘ , RADIOACTIVITY STUDIES 
PARTICLE DISTRIBUTION \ FUSION REACTIONS 
RAMAN SPECTROSCOPY ASTROPHYSICS 











X-RAY DIFFRACTION = ee SPECTROHE- 
PHYSIOLOGY «=. <<? [ei LIOGRAPHY 
DOSIMETRY —SS , CHECKING. 
CYTOLOGY = OF OPTICAL- 
ELECTRON- 9 COMPONENTS 
MICROSCOPY U. V. ABSORPTION 
RADIOTHERAPY 4 PARTICLE SIZING 
VACUUM ABSORPTION € ASTRO-SPECTROSCOPY 
GAMMA-RAY SPECTROSCOPY - MONOMOLECULAR LAYERS 


MINERALOGICAL SPECTROSCOPY + MICROSCOPY OF THREADS & FIBERS 
X-RAY SINGLE CRYSTAL DIFFRACTION - INTERFERENCE MICROSCOPY 


JOYCE-LOEBL DOUBLE-BEAM AUTOMATIC 
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CHROMOSCAN 


A new double-beam scanning and recording 
integrator for chromatography and electro- 
phoresis on agar gel, membrane foil, paper 
and film 

e@ 9-fold magnification of narrow bands 

e Multiple slit width and shapes provided 
e Filter turret for monochromatic evaluations 
@ Sample can be viewed during scanning 
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THE APPARATUS 


Designed for use with standard micro- 
scope slides. 
Eight patterns obtained in a single run 
with one cell, 24 with three cells on same 
power supply. 
Only commercially produced micro and 
immunoelectrophoresis apparatus complete 
with cell, power supply, agar cutter, hu- 
midifying units, viewer, projector, and 
Microfix pattern holders. 
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All Over The World! 


AGAFOR 


Complete electrophoretic separations in 45 
minutes. 

Average sample size 0.001 ml, resulting 
in sharpest zones with minimum diffusion. 
Immunological reactions observable im- 
mediately following electrophoresis. 
Pattern may be inspected and photo- 


graphed throughout processing. 
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TRANSTAB 


HIGH STABILITY TRANSISTORIZED 
POWER SUPPLY 


of obsolete 
and 


for replacement 

wasting batteries 

spectrophotometers 

@ Output voltage—6 V and 2 V 

@ Ouvtput current—4.2 A, 400 mA 

e@ D.C. output resistance—less than 0.01 
Ohm 

e@ In/Ovutput stability—5000:1 

@ Unique heat-sink permits continuous oper- 
ation 

@ No maintenance or parts replacements 

@ Other voltage and current ratings avail- 
oble 


and space- 
trickle-chargers in 
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PORT WINDOW 
FOR REMOVAL 
OF SECTIONS 


ORIFICE FOR 
CO, JET 


ANTI-ROLL 
CONTROL 


HINGED LUCITE 
RAFFLE 


JaTiONAL [NSTRUMENT [ ABORATORIES, 


From fresh tissue to mounted 


stained sectionsin 3 minutes. 


MICROMETER 
CONTROL “Sj 


FEATURES 


e@ Cuts sections 
micron. 

@ Serial sections cut at 3 mi- 
crons. 

@ Entirely remotely controlled. 
@ Thermostatic control between 
—5° C. and —30° C. 

e@ For ultra-thin sections and 
friable tissues knife, blade 

cooled to —50° C.. 

Cuts freely at all tempera- 

tures; will not rust. 

Instant availability for rapid 

biopsies. 

@ low initial cost and mini- 
mum operating attention. 
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CRYOSTAT 


THE PEARSE COLD MICROTOME 


The Only Refrigerated 
Microtome 
With All External Controls 


Now assembled and serviced by 
N.I.L. for distribution in the U.S.A. 
and Canada. 


RESETTING CONTROL 


CUTTING 


a CONTROL 


CAMBRIDGE 
MICROTOME 


REFRIGERATION 
UNIT 


Exclusive U. S. Sales & Service Agency 
828 EVARTS STREET, N.E. 
WASH. D. C.—PHONE NO 7-7582 


TTT TTT) 
1121 




















TESLA ELECTRON MICROSCOPE—Desk Model BS 243 


Guaranteed 
Local Service 













The Little 


Giant 
Installation 60 kV 
i prec 30,000X 
nstruction ° 
Included in Price 30A 











FEATURES 


® Resolving power 30A to 50A in routine operation, opti- 
mal resolution 25A 

® Magnification 1,000X to 30,000X, adjustable in steps 

® Accelerating voltage 60 kV +0.01% 

® High-voltage stability better than 10-*, ripple less than 
20x 10” 


Specimen inserted under vacuum 


Specimen motion controlled from microscope platform 


e 
e 
® Microscope may be tilted for stereo-photography 
® Viewing port usable for diffraction patterns 

e 


Uses standard 35. mm film (36 pictures) or ten 2” x 2! 


plates 

® Dimensions of basic instrument: 142’ wide, 18” deep, 
34%" high 

® Low initial cost and minimal maintenance 





Made in 
Czechoslovakia For Complete description, 
technical data, 
and ordering information, 
Worldwide write for BULLETIN 8-2000 
Distribution 


EXCLUSIVE SALES AND SERVICE IN U.S.A. 


NATIONAL INSTRUMENT LABORATORIES, Inc. 


828 Evarts St., N.E., Washington 18, D. C. Tel.; NOrth 7-7582 
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CURRENT PROBLEMS IN RESEARCH 





Photoelectric Photometry 


in Astronomical Studies 


Advances have been made in various fields of astronomy 
through the use of photoelectric techniques. 


The history of the use of photoelec- 
tric techniques in astronomical studies 
goes back almost to the discovery of 
the photoelectric effect, but for many 
years work could be done only on rela- 
tively bright objects by persons who 
were experts in electronics as well as 
in astronomy. Various factors have 
changed the picture radically in the 
past 15 years. The chief of these is the 
replacement of cells that use gas ampli- 
fication of the current initially freed at 
the photosensitive surface by cells that 
use secondary emission for this purpose. 
This and other aspects of instrumen- 
tation have been dealt with adequately 
elsewhere. Astronomical photoelectric 
photometery is some 50 years old, 
but the facet that concerns us here 
is that portion of it which might be 
classified as the modern phase—devel- 
opments which cover little more than 
the past ten years. This modern phase 
is characterized by the use of filters to 
isolate various regions of the spectrum 
and by efforts to establish standard 
color systems; it is characterized by the 
extension of photoelectric techniques 
into the infrared region of the spec- 
trum, and by other advances in instru- 
mentation; it is characterized by in- 
genious spectrophotometric devices in 
which advantage is taken of the sensi- 
tivity and linearity of the photosensitive 
surface; and, finally, it is characterized 
by a rapid spread in the number of 
individuals and institutions that use 
photoelectric methods, and by world- 
wide cooperative programs among these. 

I shall try to describe briefly the im- 
pact of photoelectric photometry upon 
various fields of modern astronomy; in 
an article of this length it is, of course, 
impossible to be all-inclusive. 





The author is on the staff of the Flower and ~ 


Cook Observatory of the University of Pennsyl- 
vania, Philadelphia. 
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Frank Bradshaw Wood 


Eclipsing Variables 


Historically, the first field of stellar 
astronomy to feel the impact of photo- 
electric methods was that of eclipsing 
variables. These are double stars which 
are much too close together to be seen 
as anything but a single point of light. 
In the majority of these systems, the 
components are even much closer to- 
gether than the planets of our solar 
system; in some, the outer envelopes 
are probably actually in contact. We 
know that these are double-star systems 
by the oscillations in the positions of 
their spectral lines, caused by Doppler 
displacements as the stars revolve about 
their common center of gravity, and by 
the changes in the light caused by suc- 
cessive eclipses as each component 
passes between us and the other once 
in each orbital revolution. 

A typical “light curve” is shown in 
Fig. 1. This shows the variation of 
light with time. When the period has 
been determined, observations on many 
nights can be combined to form such a 
curve, by plotting as abscissa the 
“phase” or length of time elapsed since 
the last moment when the greatest loss 
of light occurred (primary minimum) 
and as ordinate, the measured differ- 
ence of magnitude between the variable 
star and a nearby star of supposedly 
constant light. In this instance the 
phase is plotted in terms of the fraction 
of the period of light variation. 

The light changes in this system are 
caused primarily by two factors. One 
is the effect of the eclipses as each star 
alternately passes between us and the 
other. In this system, the eclipses are 
nearly equal in depth. This indicates 
that each star has approximately the 
same brightness per unit area of its 
surface and hence that the two com- 
ponents are of nearly the same surface 





temperature. In systems where one star 
is much hotter than the other, the 


hotter component, of course, emits 
much more radiation per unit area. 
Since the same area is obscured at each 
eclipse, in such cases the eclipses are 
of greatly different depths. 

The second main cause of the light 
changes in this and similar systems is 
the distortion of each star from spheri- 
cal form, chiefly by the gravitational 
attraction of the other. To a rough 
first approximation, we may say that 
the stars resemble footballs rather than 
baseballs, with the long axes pointed 
toward each other. Thus, near the 
times of the eclipses we are looking at 
the smaller ends of the stars, whereas 
one quarter period later we see much 
greater areas. In very close systems 
such as this one, this effect is respon- 
sible for a considerable fraction of the 
total change in light. 

Further inspection of the light curve 
shows that one minimum has a flat 
bottom, where the light remains con- 
stant for an appreciable interval. This 
shows that this eclipse is total, with the 
smaller companion behind the larger. 
A half period later the annular eclipse 
occurs, and the smaller component 
passes in front of the larger. We note 
that the bottom of this eclipse is not 
flat. The explanation is as follows: If 
the star were near enough to be seen 
as a disk, we would notice that it ap- 
peared brightest at the center, where 
our line of sight is perpendicular to the 
“surface” and thus penetrates more 
deeply into the star than it does near 
the edge, where the line of sight is 
nearly tangential. Since the tempera- 
ture increases with increasing depth, 
the star thus appears hottest and bright- 
est at the center—a phenomenon easily 
observed on the sun. Thus, as the 
smaller star passes from the edge to the 
center of the larger, it eclipses succes- 
sively brighter regions on the surface 
and loss of light continues, even though 
the same area is covered at each in- 
stant. As it passes from the center to 
the other edge, the revefse occurs. The 
exact value of the ratio of the bright- 
ness at the edge to that at the center is 
connected with the process of radiation 
transfer through the star’s atmosphere, 
and thus it is important to have obser- 
vational values of this to check predic- 
tions made by theory. Yet, with the 
exception of the sun, no star appears 
as more than a point of light. Thus, 
our only observational check (again, 
apart from the sun) must come from 
eclipsing systems. Naturally, the more 
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precise the measures the more precise 
will be our knowledge of the numerical 
value of this quantity. The increased 
precision of photoelectric observations 
as compared to other techniques is ob- 
viously of considerable value here. 

This is not the only place in which 
the increased accuracy of photoelectric 
observations aids in the study of eclips- 
ing systems. Almost half a century ago 
Stebbins, using photoelectric methods, 
and Dugan, using visually a polarizing 
photometer, independently discovered 
the so-called reflection effect. This 
effect, produced by the heating of one 
side of each star by the radiation of the 
other, causes the light to be brighter 
just outside of secondary minimum than 
it is at a corresponding phase near 
primary; it also affects in a complicated 
way the brightness at other portions of 
the light curve. It must be measured 
in each individual case before either 
the ellipticity of the stars or the other 
elements can be computed. 

We have seen how the mere inspec- 
tion of a light curve can tell us much 
about a given eclipsing system. De- 
tailed analysis yields much more. 

The development by Russell in 1912 
of computational methods whereby ele- 
ments of the system could be derived 
from the light curve gave impetus to 
the study of eclipsing stars by photo- 
metric methods. Combined with spec- 
trographic results, Russell’s methods 
permit computation of masses, radii, 
and densities of the components— 
quantities of fundamental importance 


to the astronomer. For any given sys- 
tem, the accuracy with which these can 
be determined will depend upon the 
precision (and distribution) of the ob- 
servations; the increased precision made 
available by photoelectric measures 
made their use in such studies of par- 
ticular value. 

The astronomer working in this field 
before 1940 was hampered by two fac- 
tors. The first was the low sensitivity 
of the photoelectric cells which limited 
sharply his choice of stars. The second 
factor arose from the fact that, while 
the photosensitive surface itself was re- 
liable in emitting electrons, the means 
of amplification were by no means so 
reliable; vacuum techniques had to be 
used, and the photoelectric photometers 
of the 1930’s and earlier were tempera- 
mental instruments. Nevertheless, it was 
largely (although ‘not entirely) photo- 
electric observations which showed that 
the eclipse theory, complex as it is, is 
not able to explain all the observed 
phenomena. Even when we allow for 
effects caused by the nonspherical 
shapes of the components, by reradia- 
tion effects, and by such factors as 
gravity effects and limb darkening, in 
many cases we find effects in the light 
curve which cannot be explained with- 
out assuming intrinsic changes in the 
stars themselves or the presence of 
great circumstellar streams or shells 
surrounding one or both of the com- 
ponents. 

Sometimes these complications are 
relatively easy to detect through photo- 
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Fig. 1. 


Light curve of the eclipsing variable AH Virginis. The two lower curves are 


photoelectric observations in the blue and yellow regions of the spectrum, respectively. 
They were made by L. Binnendijk at the Flower and Cook Observatory of the Univer- 
sity of Pennsylvania. The entire period of light variation is less than 10 hours. The 
upper curve is the “color curve.” This system appears slightly redder at the times of 
minima than at other parts of the curve. Note that in slightly more than a month, 


detectable changes occurred in the light curve. 
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electric observations, and some have 
even been detected by methods of lower 
accuracy. The eclipsing system UX 
Monocerotis, for example, shows al- 
most continuous erratic fluctuations of 
light. In some instances the brightness 
has been observed to increase 15 to 20 
percent in less than 15 minutes. Inde- 
pendent photoelectric studies have been 
carried out at three different observa- 
tories, and it is clear that the changes 
are really changes in the light from 
the star and are not caused by varia- 
tions in the transparency of the earth’s 
atmosphere. Intrinsic fluctuations have 
also been reported for DQ Herculis. 
This is an old nova which was found 
by Walker to be also an_ eclipsing 
binary. A long list of such systems 
could be named, ranging from such 
relatively large variations to changes of 
the order of 1 or 2 percent in the shape 
of the light curve. When the variations 
are this small, it becomes extremely 
difficult to separate real changes in the 
star from fluctuations introduced by 
the earth’s atmosphere. Indeed, almost 
every system which has been observed 
precisely at different epochs shows some 
changes which seem to be connected 
with intrinsic changes of at least one of 
the components. Careful inspection of 
Fig. 1, for example, shows that in por- 
tions of the light curve the observations 
on 15, 16, 17, and 18 May do not du- 
plicate precisely those on 30 March and 
9-10 April. Even larger changes are 
shown between this light curve and one 
obtained of the same system in 1955. 
Perhaps this is not surprising when we 
consider the conditions which must 
exist when two stars are moving around 
their common center of mass with 
periods of a few days or even a few 
hours and with their surfaces separated 
by a distance which often is only of the 
order of one stellar radius and fre- 
quently is considerably less. To account 
for such changes, we need new treat- 
ment, taking into account the presence 
of circumstellar material and of dis- 
turbances on the stellar photospheres. 
In summary, we may say that cur- 
rent photoelectric work on eclipsing 
stars is characterized by four main de- 
velopments: the determination, with 
such precision as is permitted by the 
atmosphere and by the stars themselves, 
of the elements of the system; studies 
of irregularities in the light curves and 
of sudden changes of period of revolu- 
tion; the use of narrow band filters to 
isolate special regions of the spectrum 
and the extension of observation in the 
infrared to as far as the 1.6-micron 
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atmospheric window; and international 
cooperative campaigns in which photo- 
metric and _ spectroscopic observers 
around the world concentrate for a 
while on one particular system in an 
attempt to keep it under extended, con- 
tinuous observation for a_ specified 
interval. 


Intrinsic Variables 


Studies of intrinsic variables by 
photoelectric means came later and for- 
merly were less common than work on 
eclipsing stars, but here too the photo- 
electric work has had a strong impact 
on the field. As would be expected, in 
part its value has been in the detection 
of details of light and color changes 
too small or too rapid to be detected 
by photographic methods. In their au- 
thoritative chapter on intrinsic variables 
in volume 51 of the Handbuch der 
Physik, Ledoux and Walraven remark 
that perhaps no photometric observa- 
tions ever made have been used as fre- 
quently as the six-color photoelectric 
observations made by Stebbins and his 
collaborators on the pulsating stars, 
§ Cephei, 7 Aquilae, and RR Lyrae. In 
a star of this type, the radius alternately 
increases and decreases as the star ex- 
pands and contracts in a periodic varia- 
tion. During contraction the atmos- 
phere becomes hotter because of the 
compression and hence gives off more 
light per unit area. It also tends to give 
off less light because of the decrease 
in surface area, but this is more than 
overcome by the temperature effect. 
During expansion the reverse effects 
occur. However, simple pulsation of 
the star as a whole fails entirely to ex- 
plain many of the observed effects. 
Modern pulsation theory is extremely 
complex, making use of such phenom- 
ena as shock waves spreading outward 
through successive layers of the star, 
but it is still far from successful in ex- 
plaining all the observed phenomena. 
Precise observations of light changes, 
especially the multicolor kind, which 
take advantage of the relatively long 
wavelength range over which photo- 
electric cells are sensitive, frequently 
bring to light new phenomena to be 
explained. For example, those of Steb- 
bins and his collaborators showed the 
maxima arriving at different times in 
the different wavelength bands. From 
the light, color, and velocity curves, it 


is also possible to compute mean radii- 


of these pulsating stars. Other studies 
have shown differences in the light 
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curves of pulsating variables belonging 
to different stellar populations and 
hence presumably of different ages. 

Still another use in the study of in- 
trinsic variables lies in the study of stars 
which show rapid and irregular varia- 
tions. These fall into various categories. 
Some, such as AI Velorum or SX 
Phoenicis, show double or multiple 
periodicity. An interesting analysis by 
Walraven of the light curve of the 
former was possible chiefly because he 
could follow the variation continuously, 
using a photoelectric photometer which 
he had designed for the purpose. In 
order to study these rapid changes it is 
necessary to have a continuous record 
of events rather than the sort of integra- 
tion provided by photography. SX 
Phoenicis, for example, on occasion 
doubles in brightness in less than 20 
minutes. 

In addition, photoelectric methods 
are important in studying so-called flare 
stars of the UV Ceti type. While such 
stars can be detected by other means 
(indeed, the variation of UV Ceti itself 
was first observed by Joy in 1948 ona 
spectrogram), photoelectric methods 
are needed to record changes accu- 
rately and in detail. In these stars, in- 
creases of more than a magnitude take 
place in 5 minutes or even less. The 
known stars of this type are late type 
dwarfs of extremely low luminosity. 
The rapidity of the changes implies that 
only a small part of the surface is in- 
volved. It has been pointed out that 
we cannot be certain whether such 
flares are confined to these stars or 
whether the low intrinsic brightness of 
the stars makes the flares more easily 
detectable than in brighter stars. It 
would be interesting, although tedious, 
to follow carefully somewhat brighter 
dwarfs in the hope of detecting changes 
similar in form but smaller relative to 
the star’s luminosity. 

These are only a few examples of the 
advances made possible in the study of 
intrinsic variables by the precision of 
photoelectric methods and by the fact 
that, by using appropriate filters, it is 
possible to observe color changes as 
well as light changes. In addition to 
aiding greatly in studies of well-known 
types of systems, photoelectric tech- 
niques have made possible the discovery 
of hitherto unsuspected types of varia- 
ble stars—those whose variations of 
light are very small, so that they may 
be detected only by the most precise 
measures. For example, some stars, in 
addition to other peculiarities, show evi- 
dence in their spectra of very strong 


magnetic fields. In most of these stars 
the magnetic field varies very rapidly, 
sometimes in a period of a few days. 
These variations are accompanied by 
light variations, and the study of these 
can be of great importance in determin- 
ing whether the variation is periodic or 
irregular and, if periodic, in determin- 
ing the value of the period. Actually, 
relatively little photoelectric work has 
been done to date in this field in com- 
parison with many others, but it is an 
important one and we may hope for 
increased activity in the future. 

Stars of still another type—the f 
Cephei or 8 Canis Majoris variables— 
show small light changes (and asso- 
ciated spectral changes) occurring in a 
space of 5 or 6 hours. Some of these 
changes are periodic; in others, two 
periods seem to be presented, and the 
resulting light changes are a beat phe- 
nomenon. It would be easy to continue 
at length, but the preceding paragaphs 
should show the importance of photo- 
electric methods in studies of intrinsic 
variables. 


Our Galaxy 


In addition to analysis of individual 
variable stars, we find photoelectric 
techniques now widely used in studies 
of the structure of our own galaxy. 
Our solar system is located within this 
great assemblage of roughly 100,000 
million stars, and the problem of dis- 
covering details of the size and struc- 
ture of the galaxy is a difficult one. 

In this work, variable stars again ap- 
pear, because in addition to being of 
interest as individual objects they are 
useful for determinations of distances 
within our own galaxy and between 
other galaxies and our own. The dis- 
tances to globular clusters, for example, 
are determined chiefly through the study 
of RR Lyrae variables in these clusters. 
While there is still discussion as to the 
precise value, the intrinsic luminosity 
of these variables is known to a reason- 
able degree of precision. Thus, by 
measuring the apparent brightness of 
these stars, the distances to the clusters 
can be computed by simple application 
of the inverse-square law, and the more 
accurate our observations are, the more 
precisely are the distances known. The 
inverse-square law, of course, ignores 
the fact that some light may have been 
absorbed by interstellar dust clouds 
near the plane of the Milky Way, but 
here again the photoelectric method 
comes to our aid. Because of the size 
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of the particles, the blue light from the 
distant stars is scattered more strongly 
than the red, and an initially blue or 
white star will appear red. The ob- 
served color of the star can be meas- 
ured with precision by photoelectric 
cells and appropriate filters. Since we 
know the normal colors of the RR 
Lyrae stars by studies of nearby sam- 
ples, we can compute the amount of 
reddening. There is a known relation 
between this and the total absorption, 
so that we can allow for the latter and 
compute the correct distance. 

While this method applies to the 
distant clusters, much of our knowl- 
edge of the structure of the Milky Way 
system in the neighborhood of the sun 
has come from star counts—that is, 
counting the number of stars in given 
areas brighter than a certain apparent 
magnitude, repeating for one magnitude 
fainter, and continuing the process. The 
method goes back to the time of 
Herschel, but its chief application came 
from the development of photography 
and through methods introduced by 
Kapteyn. One of the chief weaknesses 
of the photographic method lay in the 
uncertainties in the magnitude scale. 
These uncertainties can now be greatly 
reduced by the establishment of se- 
quences of standard stars whose bright- 
ness has been measured photoelectri- 
cally. Astronomers in many places are 
now busy establishing such sequences 
for various regions. Further, as first 
shown by W. Becker, measures in three 
colors allow us to eliminate the redden- 
ing effects just described and to deter- 
mine the true color of the star. Indeed, 
Stromgren’s six-color photometry, with 
narrow-band interference filters cen- 
tered in carefully selected critical re- 
gions of the spectrum, gives both lumi- 
nosity and spectral class to a high 
degree of precision. Thus, while we 
will probably have to rely on radio 
waves for studies of more distant por- 
tions of the galaxy, photoelectric meth- 
ods promise a great deal of help in 
studying details of interstellar material 
and star distribution in the neighbor- 
hood of the sun. 


Stellar Evolution 


Finally, the precise measurement of 
magnitudes and colors of stars in 
clusters has provided important obser- 
vational evidence concerning stellar 
evolution. From the measured color- 
magnitude array (a plot of absolute mag- 
nitude or intrinsic luminosity against 
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color) it is actually possible to deter- 
mine the age of the cluster. 

When such a plot is made for the 
stars in the neighborhood of the sun, 
most of the stars lie on a band which 
comprises the familiar “main sequence.” 
This runs progressively from very hot, 
extremely bright blue stars to very cool, 
extremely faint red stars. We can meas- 
ure the amount of radiation from the 
hot, bright stars and compute the rate 
at which they are using up their fuel 
(hydrogen) by converting it into helium 
plus energy. This rate is very high in- 
deed and for the hotter stars ranges up 
to many thousands of times the rate at 
which the sun is exhausting its hydro- 
gen. Yet the masses of these stars, and 
hence the amounts of fuel available, do 
not exceed the mass of the sun by any- 
thing like this amount. With a very 
few possible exceptions, 40 times the 
solar mass is an exceedingly generous 
estimate for the mass of such a star. 
Simple arithmetic based on the amount 
of hydrogen available and the rate at 
which it is being consumed gives us 
the upper limit of the age of such a 
star. In extreme cases this may be of 
the order of only 10 million years or 
so. At the end of this time, the hydro- 
gen in the core of the star will have 
been converted into helium, and changes 
will begin to take place deep in the 
interior. It is not in order here to fol- 
low in detail these changes and their 
results upon the visible surface of the 
star; suffice it to say that the star will 
evolve rather rapidly and will move 
from its place on the color-luminosity 
diagram. 

Now we find such stars in the neigh- 
borhood of the sun only because the 
sun is in or near one of the great spiral 
arms of our galaxy which contains im- 
mense clouds of gas and dust. It is 
from such clouds that the stars must 
be born. But the globular clusters, for 
the most part, are singularly free from 
gas and dust. Thus, it is not surprising 
now (although it was when the dis- 
covery was first made) that, when we 
plot the color-luminosity diagram of a 
globular cluster, such bright blue stars 
are absent. 

Detailed computation of stellar in- 
teriors, such as those which have been 
carried out by Schwarzschild and his 
collaborators, tell us the rate at which 
a star exhausts the hydrogen in its core. 
This rate depends on the mass of the 
star and proceeds very much more 
rapidly for the more massive stars. For 
a star of any given mass (and hence, in 
general, of a known related luminosity) 


there can be computed the length of 
time which must elapse before the star 
in the course of its evolution moves 
away from the main sequence. When 
we observe the globular clusters, we 
find that a large part of the upper main 
sequence is absent, since the stars 
originally there have moved elsewhere. 
Comparison of the observed results 
with the theoretical computations gives 
us the age of the cluster. Further, ob- 
servation of the position on the dia- 
gram of the cluster stars which are no 
longer on the main sequence gives us 
a clue as to what happens to the stars 
in the course of their later evolution. 
We can apply the same treatment to 
galactic clusters, but here we get a 
greater variety of results. One or two 
show a color-magnitude diagram resem- 
bling the globular clusters and thus ap- 
pear to be of almost the same age. In 
most of them, however, much less of 
the upper main sequence is missing; 
just how much gives us the age of the 
cluster, In the very youngest, the entire 
main sequence is present, including the 
bright blue stars. In these youngest 
clusters it is the lowest part of the 
main sequence which does not fall in 
the normal position. Since the rate of 
contraction depends on the mass of the 
star, this finding seems to indicate that 
these stars of low mass have not yet 
had time to complete their contraction 
stage.and to attain the combination of 
radius and surface temperature which 
they, spending their hydrogen slowly, 
will have for-many billions of years. 


Other Applications 


This has been a rather brief survey 
of some of the ways in which the use 
of photoelectric cells have aided in 
modern astronomy. Any astronomer 
reading this will note many omissions. 
I have not discussed photoelectric meas- 
ures of either the nearby planets or of 
the distant external galaxies. Photo- 
electric cells used as aids in guiding or 
in measuring photographic plates have 
not been discussed, nor have photo- 
electric cells used in conjunction with 
prisms or gratings. Photoelectric work 
in the infrared has been omitted, and 
no attention has been given to the de- 
velopment of image intensifiers and 
various other developments. Even the 
topics treated have been treated sketch- 
ily. Comprehensive coverage is no 
longer possible in an article of reason- 
able length. But before closing I do 
want to mention one possible develop- 
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ment of the future which may have con- 
siderable impact in the field of eclipsing 
and intrinsic variables and that is the 
entry of intelligent and enthusiastic 
amateur astronomers into the field of 
photoelectric astronomy. 


Amateur Astronomers 


For centuries, amateurs have made 
worth-while contributions to astronomy. 
Among them have been a few great 
names such as Herschel, Goodricke, 
and Lord Rosse and, in addition, a host 
of other individuals who have spent 
their free time in making and reporting 
observations. Today amateurs are or- 
ganized in groups large and small, and 
a great many cities have their astro- 
nomical units. On the national scale 
the organizations include the American 
Association of Variable Star Observers 
(AAVSO) and the Astronomical League. 
Such organizations are by no means 
confined to this country. The Southern 
Hemisphere has the Royal New Zealand 
Astronomical Society and the Astro- 
nomical Society of Southern Africa, as 
well as various groups in South Amer- 
ica. England has produced active ama- 
teur astronomers for centuries and has, 
like almost every country in Western 


Europe, organized associations of ama- 
teur astronomers. 

Further, the contribution of amateurs 
to the field of variable stars has been 
particularly great. Some organizations, 
such as the AAVSO, the New Zealand 
Society, and the amateurs in Berlin, 
issue their own publications. In other 
cases (R. Weber in France and G. Ro- 
mano in Italy are examples), amateurs 
publish their discoveries in professional 
journals. To date, the bulk of such 
work has been done almost entirely by 
visual and photographic means. But 
there is no reason why amateurs can- 
not now build simple photoelectric pho- 
tometers and use these with telescopes 
of moderate size to observe the brighter 
variable stars. Indeed, the Publications 
of the Astronomical Society of the 
Pacific have carried light curves of 
variables observed by an amateur, J. J. 
Ruiz, with equipment built by himself, 
and a handful of other amateurs are 
engaged in taking similar measures. If 
any appreciable number of amateurs 
become thus engaged, they can by sheer 
force of numbers do what all the pro- 
fessional astronomers in the world can- 
not do—keep under reasonably constant 
surveillance a considerable number of 
the more interesting of the brighter 
variable stars. 


Integration of Circuit 
Functions into Solids 


The trend in electronic circuit construction is toward 
microminiaturization and molecular electronics. 


S. W. Herwald and S. J. Angello 


The development of electronics has, 
since the beginning, featured progress 
in reducing the size and weight of 
equipment required to perform a given 
function. Substantial progress was made 
during World War II with the introduc- 


tion of miniature and subminiature. 


tubes. Unfortunately, mere reduction in 
size often leads to problems in com- 
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ponent handling and assembly which 
result in increased costs and in less re- 
liability than is found with the larger 
circuit function. The problem of relia- 
bility has become of such importance 
that recent developments have put this 
item ahead of size reduction in the list 
of objectives. 

In this article we discuss the tech- 





Conclusion 


In closing I should probably try to 
predict what studies made with instru- 
ments that take advantage of the photo- 
electric effect may be expected to ac- 
complish in the future, but the potential 
advances in instrumentation are so wide 
that it is not possible to predict with 
any confidence what the most useful 
applications will be, and a list of possi- 
bilities would be unduly long. Perhaps 
the most obvious field is the develop- 
ment of image intensifiers. Experimen- 
tal work, which began with Lallemand 
at Paris and has now spread to several 
observatories, shows that image intensi- 
fiers are indeed practical and that, by 
greatly increasing the quantum effi- 
ciency of the receiver, they can indeed 
for many (but not all) purposes make 
large telescopes out of small ones—that 
is, permit telescopes of very modest 
aperture to do work which was pre- 
viously possible only with the larger 
ones. Scanning devices, such as those 
developed by McGee at London, may 
also play their part. Whatever the de- 
tails, it is certain that much of the fu- 
ture of observational astronomy will be 
written by astronomers making use of 
equipment which takes advantage of 
the photoelectric effect. 


niques which have been developed over 
the last decade to accomplish reduction 
in size and, at the same time, increase 
reliability, with a future potential for 
cost reduction. Emphasis is placed on 
circuit functions in solids, for this tech- 
nique is in the earliest stage of research 
and development and shows great po- 
tential for the future. 


Why Make Circuits Smaller? 


One straightforward answer to the 
question “Why make circuits smaller?” 
may be found in Fig. 1. The complex- 
ity of systems is becoming very great. 
Pre-1940 electronic techniques will not 
satisfy the space requirements of the 
B-58 airplane. Even in ships, where 
one might imagine there would be no 
limitation on space, the problem of the 
size of electronic equipment is receiv- 
ing attention. Space and weight restric- 


Dr. Herwald is vice president for central 
engineering of the Westinghouse Electric Cor- 
poration, Pittsburgh, Pa. Dr. Angello is project 
manager for molecular electronics of the West- 
inghouse Air Arm Division, Baltimore, Md. 
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tions for equipment in missiles and 
satellites are other obvious reasons for 
making circuits smaller. 

Some more subtle advantages of 
miniaturization may be cited. For ex- 
ample, in a digital computer of high 
speed, the time required to propagate 
a signal through the system can become 
a limiting factor. It is then necessary 
to compress circuits and interconnec- 
tions. The lighter weight which accom- 
panies decreased size tends to enhance 
the ability of equipment to withstand 
mechanical shock. With respect to en- 
vironmental requirements, miniaturiza- 
tion makes hermetic sealing of com- 
plete circuits economically possible. 
Another advantage of hermetically 
sealed modules, besides protection from 
the atmosphere, stems from the fact 
that an enormous number of different 
circuit functions can be provided inside 
these modules. The module itself can 
be subjected to an extensive series of 
reliability tests—a time-consuming and 
expensive process. Once carried out, 
this procedure need not to be repeated 
in its entirety each time a new circuit 
is made inside the module. The econ- 
omies of standardization will show up 
ultimately in lower costs than for con- 
ventional circuits, 

One aim of the various miniaturiza- 
tion techniques is reduction in the num- 
ber of solder-joint interconnections in 
a system. It is well known that solder 
joints are reliability hazards. The prob- 
ability of survival (P) of a system dur- 
ing the course of a mission is the prod- 
uct of the probabilities for survival of 
the n individual components and con- 
nections making up the system: that is, 


Pe Ps Chae on hee 


An interesting deduction may be made 
if we establish the average survival 
probability of the components and con- 
nections by the expression 


n 
Pa = >» P,/n 
t=1 


for then the total survival probability 
for the system is 


n n 
P= [: Pin] 


In this form it may be seen that more 
is to be gained by reducing the value 
of n than by improving the individual 
probabilities (P:). 

Maintenance is an important prob- 
lem in the application of electronic 
systems. Smaller, encapsulated circuits 
will help in at least two ways. Greater 
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Fig. 1. Trend of complexity of electronics 
in U.S. Air Force weapon systems. 


reliability will reduce maintenance, and 
the compact modules will simplify re- 
placement. As circuit modules become 
more economical, more complex cir- 
cuits may be included in the replace- 
ment module. This will transfer com- 
plex maintenance problems to _ the 
manufacturer, who has expert person- 
nel and equipment for this purpose, and 
field problems may then be handled by 
relatively inexperienced people. 


How To Make Circuits Smaller: 
The Transistor 


It has been pointed out many times 
in the literature that the thermionic 
vacuum tube is a very inefficient device 
for information-handling functions. 
Whereas microwatts to milliwatts of 
power are usually sufficient for com- 
munication, the filaments of vacuum 
tubes require tenths of watts solely for 
the purpose of boiling electrons from 
the cathode surface..-The requirement 
for such sources of heat within elec- 
tronic equipment seriously limits the 
number of parts which can be contained 
in a unit of volume while still main- 
taining a safe operating temperature. 

In July 1948 the invention of the 
transistor was announced (/). This 
device has power requirements which 
are comparable to the signal levels that 
are being handled. The transistor does 
not eliminate the problem of power dis- 
sipation in electronic circuits, but it 
does permit an increase in parts density 
of several orders of magnitude before 
the temperature rise becomes serious. 

Two important developments that 
followed quickly upon the announce- 
ment of the transistor were the p-n 
and p-n-p (2) junction devices. These de- 
velopments are the present basis for the 
integration of circuits into semiconduc- 


tor substrates. Since the equivalent cir- 
cuit of a p-n junction biased in the high- 
resistance direction is a capacitor 
shunted by a high resistance, a three- 
layer pnp (or npn) semiconductor sub- 
strate provides the essentials to form 
resistance-capacitance active networks, 


Major Approaches to Small Circuits 


There are three important approaches 
to the construction of small circuits, 
These are: (i) microcomponent as- 
sembly; (ii) two-dimensional micro- 
miniaturization; and (iii) functional 
electronic blocks. We shall discuss the 
first two briefly to establish the histori- 
cal perspective, then we shall concen- 
trate our attention upon the state of the 
art and the future problems of the third. 

Microcomponent assembly. Micro- 
component assembly is exemplified by 
the Navy “Tinkertoy” project (3) and 
by the Signal Corps “Micromodule” 
program (4). 

The first obvious advantage of this 
approach is the availability of an almost 
complete range of components from 
which to plan the construction of sys- 
tems. If a proper supplier-assembler 
relationship is set up, cost reductions 
through mass production should be 
realized. The interconnection of cir- 
cuits is combined with the assembly 
structure, as shown in Fig. 2. Because 
of light weight and small size, this 
structure should withstand mechanical 
shocks. The final structure is resin- 
embedded to provide environmental 
protection. No appreciable reduction in 
numbers of components and soldered 
joints is achieved by this approach. 
Danko et al. (4) give a comprehensive 
description of the program, with ref- 
erences to pertinent literature. 

Other assembly schemes are being 
used which are similar to the micro- 
module. Several manufacturers of semi- 
conductor devices are producing micro- 
miniature diodes and transistors under 
standards suggested by the TR 25.1.1 
subcommittee on microminiature com- 
ponents of the Electrical Industries As- 
sociation. Compatible resistors and ca- 
pacitors are becoming available. Foto- 
ceram boards can be etched with slots 
and holes to hold the components, and 
many ingenious interconnection schemes 
have been devised. These techniques 
offer solutions to the problem of con- 
structing small equipment with mini- 
mum lead time. 

An interesting variation of the con- 
cept is evidenced in the thermionic 
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Fig. 2. Exploded view of a typical micromodule. [Radio Corporation of America] 


micromodule. This approach consists 
of building high-temperature resistors 
and capacitors into the envelopes of all- 
ceramic thermionic tubes. Devices of 
this type are especially appropriate for 
high-temperature (~ 500°C) operation 
and survival in high-intensity nuclear 
radiation fields. 

Two-dimensional microminiaturiza- 
tion. As the name implies, this scheme 
endeavors to make the thickness di- 
mension of a circuit vanishingly small 
—hence, to make the circuit two-dimen- 
sional. Such two-dimensional circuits 
can then be closely stacked to form the 
three-dimensional equipment module. 

All of the classes of schemes men- 
tioned have at least one thing in com- 
mon; they depend in one way or an- 
other upon the mechanical support of 
a thin wafer. The micromodules use 
0.310- by 0.310- by 0.010-inch alumina 
or Fotoceram wafers, depending upon 
the components to be supported. Two- 
dimensional circuits use similar wafers, 
and functional blocks use silicon, ger- 
manium, or other semiconductors, 
which may or may not be supported 





by a ceramic wafer. Because of this 
common feature, it can be seen that, 
as developments proceed, a mixture of 
the three techniques is likely, with the 
mix determined at any given time by 
factors such as availability, economy, 
tested and proved reliability, and per- 
formance. 

In two-dimensional microminiaturiza- 
tion an attempt is made to process 
resistors, capacitors, and interconnec- 
tions on a substrate, preferably in the 
fewest possible manufacturing steps. 
Thus, metallic resistors may be made 
by evaporation of Nichrome on alumina 
substrate, and capacitors may be made 
by successive evaporations of metal 
and dielectric. A detailed description 
of these techniques is given in (5). 

Some recent developments in deposi- 
tion of films make this scheme at- 
tractive. A process for sputtering thin, 
adherent tantalum films has been de- 
scribed (6) which has several interest- 
ing consequences. The tantalum film 
can be anodized to form one plate 
and the dielectric of a capacitor. Since 
the tantalum oxide is very thin, a large 


B 





capacitance can be obtained in a small 
area. Tantalum film resistors can be 
made which are stable both electri- 
cally and mechanically and which ex- 
hibit excellent properties of adherence 
to the substrate. Stable films of this 
type can provide the basis for circuit 
interconnections on the substrate which 
are more reliable and easier to make 
than soldered joints. 

Techniques of this type, coupled with 
a good scheme of encapsulation (7), 
have potential for use in future systems. 

Functional electronic blocks. The 
integration of circuit functions into 
solid substrates marks the most recent 
and advanced approach to the construc- 
tion of small circuits. 

The primary purpose of the func- 
tional-block scheme is to rearrange the 
internal physical properties of a solid 
to perform a circuit function more com- 
plicated than that performed by an 
individual component. The idea is best 
described by considering very simple 
solid, structures and then proceeding to 
more complicated examples. Most of 
the work so far has centered upon 
semiconductors, but this is not a neces- 
sary restriction. This is a reflection of 
the fact that semiconductor technology 
is farther advanced than other pertinent 
solid-state-device technologies. 


Simple Resistance-Capacitance 


Circuits 


We shall illustrate the functional- 
block scheme by describing how resis- 
tors and capacitors can be integrated 
into a block of p-type silicon semicon- 
ductor of high resistivity (~ 200 ohm 
cm). Figure 3 depicts such a p-type 
block with a thin skin of n-type, low- 
resistivity silicon obtained by diffusing 
antimony into the block. This procedure 
is a common one for the manufacture 
of semiconductor devices. Figure 3 
also shows a thin slot cut through the 
skin to isolate a region to which leads 
have been attached. The region is iso- 
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Fig. 3 (left). A silicon block with thin diffused iayer. Fig. 4 (right). A diffused silicon block with metallic connections. 
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Fig. 5 (left). Capacitance versus voltage for an n-p junction. Fig. 6 (right). Leakage resistance versus voltage for an n-p junction. 


lated because the substrate- to skin- 
resistivity ratio is greater than 10°. The 
slotting operation may be carried out 
with a fine diamond saw, a scriber, a 
fine sand blast, or an etch. Etching 
through Photoresist masks is becom- 
ing a common technique. This is the 
technique developed for surface shaping 
in two-dimensional microminiaturiza- 
tion. Leads may be attached by fur- 
nace fusion, ultrasonic welding, or 
thermocompression bonding. Other re- 
liable processes are being developed. 

A range of resistors may be fabri- 
cated on this principle by varying the 
thickness (by diffusion time, tempera- 
ture, and type of diffusant), the length, 
and the width of the n-type skin. The 
range from a few tens of ohms to ap- 


proximately one megohm may be real- 
ized by this method. Ten-percent tol- 
erance can be achieved if trial and 
error resistance trimming is permitted. 
The temperature coefficient of resistance 
follows that for the high-carrier- 
density diffused skin, which can range 
from slightly negative, through zero, to 
slightly positive. Some advantages of 
this configuration are derived from the 
intimate connection of the resistor film 
to the substrate. Silicon is a good heat 
conductor, and the thermal drop be- 
tween resistor and substrate is low. 
Several resistors located on the same 
substrate will maintain nearly the same 
temperature as temperature varies over 
the operating range. Careful designs 
and appropriate circuits can take ad- 




















Fig. 7 (left). Phase-shifting network with distributed resistance 
and capacitance. Fig. 8 (right). A notch filter functional block. 
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vantage of the common temperature 
to introduce internal compensations for 
stability. Two disadvantages are that 
precision resistors have not been made 
at this stage of development and that 
very low temperature coefficients have 
not yet been achieved. 

The attachment of metallic areas on 
each side of the diffused junction (see 
Fig. 4) results in a capacitor because an 
n-p junction has the equivalent circuit 
shown in the figure. This capacitance 
is not constant but varies with: applied 
voltage in the manner illustrated in 
Fig. 5. At the same time, the resistance 
across the capacitance varies as shown 
in Fig. 6. With a few volts positive on 
the n-region, the resistance attains the 
megohm range, so that a rather good 
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Fig. 9 (left). Basic unipolar transistor configuration. Fig. 10 (right). Example of unipolar transistor logic gate. 


capacitor can be obtained under this 
operating condition. Capacity values 
are small, being of the order of 0.005 
uf/em’, Larger values in the 1 pf/cm’* 
range are more appropriately obtained 
by two-dimensional techniques, such as 
the anodized tantalum film. The varia- 
tion of capacitance with voltage can 
be useful or a handicap depending upon 
the application. 

An interesting extension of the ca- 
pacitance block is obtained by com- 
bining the configurations of Figs. 3 
and 4. Figure 7 illustrates such a con- 
figuration, which acts as a phase-shift- 
ing network and low pass filter. In this 
application a deviation from discrete 
components results because the resist- 
ances and capacitances are distributed 
throughout the block. 

Another extension is illustrated in 
Fig. 8. A resistor, consisting of part of 
the biock, is inserted in series with the 
metallic condenser plate of Fig. 7. The 
result is a function block which is fre- 
quency-selective, like a bridged-T cir- 
cuit. Such a narrow frequency band is 
passed that the term notch filter (8) 
is given to this block. This functional 
block replaces an array of at least nine 
resistors and condensers, with the sol- 
dered joints replaced by internal block 
configurations. Consequently, only the 
minimum number of required leads 
emanate from the block. 


Unipolar Transistor Blocks 


Another type of functional block 
which may be fabricated from an n-p 
block depends upon the properties of 
the unipolar transistor. Figure 9 shows 
the basic principles. A region of the 
order of 10“ centimeter thick around 
an n-p junction is depleted of current 
carriers. When n(+) — p(—) bias is 
applied, the depletion layer widens and 
becomes a higher resistance. This is 
the high reverse resistance of an n-p 
junction diode. In Fig. 9, a cut in the 
p-layer has been made to extend close 


to the depletion-layer region. This cut. 


should extend deep enough so that 
under reverse bias the resistance meas- 
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ured between S and D becomes very 
high. At zero bias, the S-D resistance 
is relatively low. Thus, a bias on the 
n-p junction acts as a gate to open and 
close the channel between S and D. 

Some very complex and useful block 
functions can be invented on the basis 
of the principle of the unipolar tran- 
sistor. A simple extension of Fig. 9 
can result in a logic gate circuit (9). 
Figure 10 depicts a direct coupled 
gate. The top slots through the n-layer 
into the p-region form resistors between 
the unipolar transistors. A circuit exists 
between S and D if none of the gates 
are biased. No circuit exists if G: or 
G: or Gs are biased to close the gate. 

This discussion has by no means ex- 
hausted the possibilities for functional 
devices to be constructed in an n-p 
silicon block. We point out here (this 
is discussed more fully below) that 
progress in the development of func- 
tional electronic blocks depends strong- 
ly upon the invention of new configura- 
tions and construction techniques. 

It is clear that one may proceed to 
develop more complicated functions 
by adding additional layers to the sili- 
con block. We have seen how two layers 
provide resistors, capacitors, n-p diodes, 
unipolar transistors, and combinations 
thereof. Three layers introduce many 
variations, according to the construction 
technique. Of course, all of the func- 
tions possible with two layers are also 
possible with three. Adding a fourth 
layer introduces four-layer switching 
diodes, trinistors, trigistors, and other 
varieties of switches with or without 
control electrodes. 

To complete the discussion, we de- 
scribe below a block involving tran- 
sistors and one involving switches. 


Transistor Block 


A basic circuit which may be de- 
signed to serve either as a low-level 
audio, a high-level audio, or a video 
amplifier is the Darlington connection 
shown in Fig. 11. The function block 
shown below the circuit can be con- 
structed as follows. The common col- 


lector connections are provided by the 
metal electrode located on the p-region. 
The input base connection is a metal 
which forms an n-connection with the 
n-region. A p-alloy junction to the n- 
region completes the first pnp transistor. 
The second transistor is constructed 
similarly. Interconnection is effected 
by allowing the p-emitter of the first 
transistor to fuse at one point to the 
n-base of the second transistor. This 
illustration is oversimplified in that 
temperature-compensation resistors and 
coupling capacitors are omitted. These 
elements may be included, to result in 
more stable operation with respect to 
temperature variations. 

A more complicated transistor func- 
tion block is the bistable multivibrator 
(10) or “flip-flop” block. This type of 
device contains at least two capacitors, 
four resistors, and two transistors. 


Four-Layer Switch Block 


In the discussion so far, the types of 
function blocks described have had a 
close analogy with the circuit being re- 
placed. Only a slight deviation from this 
was noted in the case of distributed re- 
sistance-capacitance blocks. It is possi- 
ble to construct blocks which perform 
a function having no resemblance to 
the circuit being replaced. Figure 12 
shows a four-layer diode in series with 
a resistor. Under the sketch is a volt- 
ampere characteristic. If the load re- 
sistance is that shown by the dotted 
line, the switch will have two stable 
states, one at high resistance and one 
at low resistance. A higher load resist- 
ance, such as R, will permit no stable 
state, and the circuit will oscillate with 
a saw-tooth output wave form. Because 
the load line may be shifted on the 
characteristic by varying the applied 
voltage, the relaxation time or output 
frequency is a function of voltage. This 
behavior has led to the suggestion that 
this type of block may be used as an 
analog-to-digital converter (//). 

Figure 13 shows several function 
blocks developed by Westinghouse 
Electric Corporation for the Air Force. 
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Future of the Functional 
Electronic Block Concept 


The original studies of function 
blocks were aimed primarily at reduc- 
ing the number of interconnections to 
provide electronic circuits of high re- 
liability and stability against shock. The 
nature of the concept, however, has led 
directly to the miniaturization of cir- 
cuits discussed in this article. Future 
progress in functional blocks is linked 
to progress in at least three areas. These 
are: (i) invention of block configura- 
tions; (ii) development of processing 
techniques for solid-state devices; and 
(iii) development of new materials. 


Invention, Techniques, and Materials 


It has been pointed out above that 
invention is important for progress in 
functional blocks. To construct analog 
blocks which follow circuit configura- 
tions is possible and useful; however, 
the aim of simplification will not be 
furthered in this manner. Not only are 
new types of block configurations need- 
ed but enhanced usefulness of blocks 
already known is also desirable. Inter- 
actions among components on a block 
can be troublesome, but ingenuity can 
turn some of these interactions to ad- 
vantage. 

Perhaps one of the most serious limi- 
tations of miniaturization is the prob- 
lem of heat dissipation. Designs of 


blocks to perform a given function with 
lower power dissipation is one approach. 
Better schemes to remove heat is anoth- 
er. Many facets of design enter into the 
dissipation problem—the tolerance of 
resistors, for example. The looser the 
tolerance prescribed in a given circuit, 
the higher the power dissipation that 
one can expect. The ideal is to design 
circuits which may tolerate reasonable 
spreads in component characteristics 
and at the same time operate at low 
power. 

More investigation of circuits in the 
general area of resistance-capacitance 
active networks is needed if the full 
potential for two-dimensional miniaturi- 
zation is to be realized. Circuits contain- 
ing inductances are usually large and 
they must be eliminated insofar as 
possible. 

We also need to construct functional 
blocks with other than semiconductor 
substrates. Magnetic films, titanate sub- 
strates, ferroelectric materials, electro- 
luminescent cells, and Hall generators 
are fruitful possibilities for the con- 
struction of function blocks. 

Solid-state devices are also contrib- 
uting to microwave technique through 
the various masers, parametric ampli- 
fiers, and distributed-line devices. More 
may be expected in this area. 

Construction of a function block, 
once it has been designed, depends of 
course upon our ability to fabricate the 
junctions, slots, holes, and so on needed 
to perform the function. Another im- 
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Fig. 11 (left). Darlington connection of transistors in a function block. Fig. 12 


(right). A four-layer diode oscillator. 
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portant consideration is that one should 
aim not to make just one good block but 
to make a number with acceptable eco- 
nomical yield. This subject is discussed 
in more detail in (9). 

More development work is needed 
in the techniques of masking, etching, 
electron-beam cutting, and other block- 
shaping techniques. In this area, two- 
dimensional microminiaturization and 
fabrication of function blocks have 
much in common, One scheme can sup- 
plement the other. More development 
is needed in thin film deposition of ca- 
pacitors. Refinement of circuit and 
block interconnections to give reliable 
and economical use of these techniques 
will speed their adoption by the elec- 
tronics industry. 

The importance of construction tech- 
niques is emphasized by the invention 
of a four-layer device which is a tran- 
sistor with two hook collectors (/2). 
This device can be operated as a full 
adder and would be a significant com- 
puter function block if it could be con- 
structed with consistent reproducibility. 
At the present state of the art, the re- 
quired tolerances cannot be maintained 
consistently with economical yield. 
Other instances of need for precise 
process control will undoubtedly arise 
as the field develops. 

The materials problem has at least 
two. major aspects: (i) New semicon- 
ductor materials with new properties 
are needed to make new functions pos- 
sible; (ii) improved techniques for 
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handling present materials are required. 

Two recent advances in materials 
modification are discussed here as 
showing the way to major future ad- 
vances in function block development. 
One is the growth of germanium and 
silicon crystals in dendrite form (/3). 
In semiconductor manufacturing prac- 
tice it is necessary to cut thin wafers 
from large silicon boules. The process 
is wasteful of material because the saw 
is usually of nearly the same thickness 
as the slice. In addition, the surface 
layers of the wafer must be removed 
by etching to eliminate defects intro- 
duced by the cutting. Dendrites can be 
grown from the melt with optically flat 
surfaces. Proper control will result in 
ribbons of the width and thickness re- 
quired for device fabrication. Since the 
surface of the dendrite as it is pulled is 
clean and undamaged, further process- 
ing can begin without intermediate sur- 
face preparations. 

The second advance is the growth of 
epitaxial layers of silicon on a silicon 
substrate (14). By this means, the mul- 
tiple junction layers required by the 
function block design may be provided. 
Earlier in this article functional blocks 
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Fig. 13. A photograph of some Westinghouse functional electronic blocks. 


were described as having two, three, 
and four layers of various conductivity 
types. These layers are provided by 
crystal-growing and impurity-diffusion 
techniques. Unfortunately, these tech- 
niques do not provide the versatility 
needed to form an arbitrary number of 
layers with arbitrary electrical conduc- 
tivities. Epitaxial growth provides this 
needed versatility and will make possi- 
ble the construction of functional 
blocks which cannot be made by the 
older techniques. 


Conclusion 


The developments in microcircuitry 
discussed in this article are the begin- 
nings of profound changes due to take 
place in electronics. The trend will be 
away from individual component cir- 
cuits and toward the integration of cir- 
cuit functions into functional blocks. 


The ever-increasing need for reliability 
will force the development of more re- 
liable assemblies. Functional electronic 
blocks and two-dimensional techniques 
in combination will fill this need. 

Size and weight are becoming more 


Y 


important in a wider and wider range 
of applications. Again, integration of 
components into functional blocks must 
be carried out to achieve the necessary 
reduction. ‘ 

The boundaries between materials 
and devices and between devices and 
circuits are being removed, and we 
shall see an integration of disciplines in 
the future development of molecular 
electronics (/5). 
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Photographic Tracking of 


Elementary Particles 


Sheets of emulsion can be stacked so that the tracks 
of particles can be recorded in three dimensions. 


In the development of nuclear 
physics, a decisive role has been played 
by two principal types of instruments 
for detecting charged particles and 
making manifest the tracks that they 
produce in passing through matter— 
the counters and the track recorders. 
It is with the second of these two 
types of devices that I am here con- 
cerned. 

The original instrument of this kind 
was developed by my old teacher, 
C. T. R. Wilson. In the period from 
1900 to 1910 he was able to show 
that the passage of a charged particle 
through a gas saturated with water 
vapor could be made manifest by sud- 
denly expanding the gas immediately 
before, or immediately after, the pas- 
sage of the particle. As a result of the 
expansion, the air tends to become 
supersaturated, and in suitable condi- 
tions the water vapor condenses as 
small droplets on the _ individual 
charged ions and electrons produced 
in the gas by the particles passing 
through it. 

The great advantage of the Wilson 
expansion chamber was that it gave a 
detailed picture of the ionization due 
to individual particles; in favorable 
conditions each particle wrote, as it 
were, its own signature, and ambiguities 
in the interpretation of phenomena 
were thereby greatly reduced. 

Before the successful development 
of the Wilson chamber, many features 
of the interactions between atomic 
nuclei, and of the processes involved 
in the ionization of a gas by different 
radiations, had been inferred from a 
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wide range of experiments with other 
devices. But with the Wilson chamber 
these processes were made immediately 
apparent in all their richness and 
variety. 

To a generation which remembered 
the tone of the science of 40 years 
earlier, when it had seemed to many 
of the most eminent scientists of the 
day that it was improbable that we 
should ever be able to penetrate into 
the structure of atoms—and to some 
of whom the very idea of atoms ap- 
peared as no more than a convenient 
fiction—the Wilson photographs were 
an almost magical revelation of a new 
world. Wilson’s pictures of the ioniza- 
tion of a gas by x-rays and, somewhat 
later, Blackett’s photographs of the col- 
lisions of alpha particles with nuclei, 
and the disintegrations that they pro- 
duced, gave a final demonstration of 
incomparable clarity that carried over- 
whelming conviction. 


Fully Automatic Chamber 


To obtain Wilson . photographs of 
rare events, it was necessary, in some 
experiments, to make operation of the 
chamber automatic. Thus, the cross 
section for the collision of alpha par- 
ticles with atomic nuclei is so small 
that there is a probability of only a 
few parts in a million that such a par- 
ticle in passing through a gas will 
make a collision before reaching the 
end of its range. To demonstrate the 
disintegration of nitrogen by alpha 
particles, Blackett and his colleagues 
developed the fully automatic Wilson 
chamber, whereby the arduous experi- 
ments involved in photographing the 


tracks in the necessary numbers could 


be successfully undertaken. Later, 
Blackett and Occhialini developed the 
counter-controlled Wilson chamber, 
whereby charged particles due to cos- 
mic radiation, in passing through 
Geiger counters disposed above and 
below the chamber, triggered its ex- 
pansion; the passage of the particle 
was thus made to produce its own 
photograph. 

Although in work with the great 
accelerators the Wilson chamber has 
now been replaced by bubble cham- 
bers, largely because they can operate 
with liquid hydrogen, many of the 
basic mechanical features developed 
in the automatic and counter-controlled 
Wilson chamber are embodied in the 
operation of the new instruments. And 
the power of the Wilson chamber to 
resolve the finest details of the ioniza- 
tion process has never been equalled 
in other instruments. 


Use of Emulsions 


The Wilson expansion chamber has 
the disadvantage that it is able to 
record tracks—under the conditions 
commonly employed—for only about 
1/50 second. Since the resetting of 
the chamber takes about 1 minute, the 
fraction of the operating time usefully 
employed is very small. This feature 
of the Wilson chamber led to a con- 
sideration of- the possibility of using 
photographic emulsions for recording 
tracks directly, since they would have 
the advantage of being continuously 
sensitive for long periods. An emulsion 
consists of myriads of microcrystals of 
silver halide embedded in gelatine. It 
was thought that the passage of a 
charged particle would cause some 
of those microcrystals penetrated to 
become developable, so that under the 
microscope the track in the processed 
emulsion would appear as a chain of 
black grains of developed silver, like 
black beads on an invisible thread. 

The early experiments, including 
those of Walmsley and Makower, and 
of Kinoshita. working in Rutherford’s 
laboratory in Manchester, in the period 
1909 to 1914, showed that it was in- 
deed possible to record the tracks of 
alpha particles in some of the photo- 
graphic emulsions commercially: avail- 
able at the time. The numbers of grains 
in the tracks were, however, small, and 
the tracks were therefore extremely 
tenuous, 
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Early Disadvantages 


In the early emulsions, the volume 
occupied by the silver halide crystals 
was only about one-eighth that of the 
surrounding gelatine in which they 
were embedded. As a result, the indi- 
vidual grains in the track of an alpha 
particle were widely separated, and 
the true beginning and end of a track 
were correspondingly uncertain. Fur- 
ther, the tracks of electrons and other 
weakly ionizing particles could not be 
distinguished in the available emulsions, 
so that the recorded phenomena com- 
pared unfavorably with the effects pro- 
duced by similar processes in a Wilson 
chamber. And finally, the thickness of 
the emulsion commonly available was 
less than 1/20 millimeter, so that fast 
particles originating in the emulsion 
frequently escaped from it before 
reaching the end of their range. Their 
tracks were therefore incomplete. 

As a result of the deficiencies of the 
early emulsions, the method was little 
regarded for more than 20 years. In the 
early 1930’s, however, Blau and Wam- 
backer returned to a consideration of 
the use of emulsions and showed that 
the tracks of protons as well as of 
alpha particles could be recorded in 
some commercial emulsions. They 
made experiments with protons re- 
coiling from impact by fast neutrons, 
and with protons emitted from nuclear 
disintegrations produced by fast alpha 
particles from radioactive substances. 
In these experiments, also, however, 
the difficulty was that the apparent 
length of the observed tracks gave an 
imprecise measure of the true range 
of a particle and, therefore, of its 
initial energy. Later, Blau and her col- 
leagues showed that it was possible to 
record also the tracks due to disintegra- 
tions produced at mountain altitudes 
by particles of the cosmic radiation. 


Early Experiments in Bristol 


My colleagues and I in Bristol be- 
came interested in the method during 
1938. We had constructed a Cock- 
croft generator that gave protons of 
energy about 700 kev, and we had 
proposed to make experiments with 
the fast homogeneous groups of neu- 
trons which are generated by the im- 
pact of fast protons on light elements 


such as lithium, beryllium, and boron. 


The original intention was to use a 
Wilson chamber to detect the “knock- 
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on” protons projected by the neutrons, 
but W. Heitler, who was then work- 


_ing in Bristol, directed our attention 


to Blau’s studies of cosmic radiation 
with photographic plates. We then 
made an experiment on the Jungfrau- 
joch with a number of plates exposed 
under different thicknesses of lead, in 
an attempt to measure the rate of ab- 
sorption of that component of the 
cosmic radiation which gave rise to 
the observed “stars,” as the nuclear 
disintegrations were called. 

These experiments on cosmic radia- 
tion made us familiar with the elemen- 
tary features of the photographic 
method, and we decided to use it in 
place of a Wilson chamber to try to 
detect the protons projected by fast 
neutrons. Using Ilford ‘“half-tone” 
plates, we found that after about an 
hour’s exposure of a plate with a super- 
ficial area of 2 square centimeters, the 
emulsion being one 30th of a milli- 
meter thick, we were able, after de- 
veloping the plate, to measure under 
the microscope hundreds of tracks due 
to proton recoil in the course of a few 
hours. The energy spectrum of the 
neutrons, thus determined in a day 
or two, was superior in precision to 
that obtained in the course of about 
six months’ work in experiments with 
the Wilson chamber. It was evident 
that for such experiments the photo- 
graphic method had a number of im- 
portant advantages. 

At the time of these experiments, 
we were very poorly acquainted with 
the literature on the subject. In a sense 
I think this was an advantage, for had 
we known of all the early unsuccessful 
experiments to determine the “energy 
spectra” of charged particles, we might 
have been discouraged from making a 
new attempt. In fact, we were fortu- 
nate, for the early emulsions, produced 
for quite different purposes, were not 
uniform in their performance in re- 
cording tracks, and the importance of 
fading of the latent image and of 
proper conditions of storage were not 
appreciated at the time. By chance, 
the first plates we employed were of 
relatively high sensitivity. A second 
circumstance from which we benefited 
was that, unlike the earlier workers 
who had employed relatively weak 
radioactive sources to produce the dis- 
integrations, we had homogeneous 
beams of relatively great intensity, 
and we were thus able to demonstrate 
conclusively some of the most impor- 
tant advantages of the method. 


Technical Innovation 


By 1945, when World War II ended, 
a modest field of study in nuclear 
physics for the photographic emulsion 
had been established, but it was still 
limited by the poor quality of the 
tracks. Attempts had been made to in- 
crease the sensitivity of the emulsion 
and the proportion of silver bromide 
to gelatine within it, but with little 
success. But, in 1945, through a tech- 
nical innovation in manufacturing 
methods, Dodd and Waller of Ilford 
Ltd., London, were able to produce 
emulsions in which the proportion of 
halide to gelatine was increased over 
the usual values approximately eight- 
fold, and at about the same time 
Demers, in Canada, achieved a similar 
result in his own laboratory. 

The advantages of the concentrated 
emulsions were immediately apparent. 
The tracks of alpha particles from 
radioactive substances took the form 
of almost solid rods of developed 
grains, and even with less strongly 
ionizing particles, like fast protons, the 
tracks were clearly apparent. These 
developments improved the standing 
of the photographic method and the 
precision of the measurements which 
could be made with it, but it was not 
until new experiments with cosmic 
radiation were made that the full po- 
tentialities of the method were realized. 

In 1945, in collaboration with 
Occhialini, who had just returned to 
Bristol from Brazil, we made exposures 
of the new emulsions at the Pic du 
Midi in the Pyrenees, and Perkins at 
the Imperial College, London, made 
similar experiments on the Jungfrau- 
joch. When the plates were developed 
and examined under the microscope, 
it was immediately apparent that a new 
range of phenomena had been made 
manifest. 


Disintegration of Nuclei 


One of the earliest discoveries, made 
independently by Perkins and by us 
in Bristol, was that of the disintegra- 
tion of nuclei by particles after they 
had reached the end of their range in 
emulsion. The mass of these particles 
could be estimated from the character- 
istics of their tracks and was found 
to be between 200 and 300 times that 
of the electron. They were at first 
thought to be negative mu mesons, 
discovered in the period 1936 to 1938 
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by Anderson and Neddermeyer, but 
almost immediately afterwards ex- 
amples were found in Bristol of the 
so-called pi-mu decay. 

It was soon shown that a new ele- 
mentary particle, the pi meson, had 
been discovered, which could exist in 
either positively or negatively charged 
form. The positive particles, when 
they are brought to rest in matter, 
cannot approach nuclei because of the 
repulsion between positive particles. 
They remain free and decay with a 
mean lifetime of about 2.6 x 10° sec- 
ond. On the other hand, the negative 
particles are attracted to nuclei, with 
which they interact, the energy cor- 
responding to their rest-mass_ being 
supplied to produce the disintegration 
of the capturing nucleus. 

The discovery of the pi meson illus- 
trated a number of features of the 
photographic method which were of 
central importance for its application 
in the discoveries of new types of ele- 
mentary -particles in the ten years that 
followed. First, the continuous sensi- 
tivity of the emulsion permits rare 
phenomena to be recorded in exposures 
of long duration. Second, the obser- 
vation of the phenomena is so close 
and intimate that a single example of 
a new process has frequently permitted 
correct assessment of its significance, 
and a few examples have commonly 
provided decisive evidence. Third, the 
emulsion is a solid with a density ap- 
proximately 2000 times greater than 


that of a gas at normal pressure and 
temperature. As a consequence, a 
particle with a given energy is brought 
to rest in an emulsion after a length 
of path, and in a period of time, about 
2000 times shorter than in a Wilson 
chamber. It follows that particles with 
mean lifetimes in the interval from 
10° to 10°" second, when created in 
nuclear disintegrations in an emulsion, 
are commonly arrested in it before 
decaying, whereas in a gas they almost 
invariably decay while still in motion. 

There are important advantages in 
studying the decay of particles at rest, 
for the vector sum of the momenta of 
the secondary particles must then be 
zero. On the other hand, when, as in 
a gas, particles decay in flight, it is 
necessary to know the momentum of 
a primary particle at the instant of 
its decay if the principle of the conser- 
vation of momentum is to be applied 
to the analysis of the transformation. 

In the ten years that followed the dis- 
covery of the pi meson, the photo- 
graphic method was widely applied 
both in studies of nuclear disintegra- 
tions produced by particles of the cos- 
mic radiation and in _ investigations 
with the intense controlled beams of 
particles produced by the great ac- 
celerators as they came into operation. 

The method was found to be par- 
ticularly appropriate for studying cos- 
mic rays with balloons, for it is only 
necessary to support the emulsions at 
great altitude for a given period and 


Table 1. Instruments used in the discovery of various elementary particles. 











Particle Source of radiation Specific behavior Instrument used 
or measurement for detection 
e Discharge tube Ratio e/m Fluorescent screen 
e* Cosmic rays Ratio e/m Wilson cloud chamber 
ut Cosmic rays Absence of radiation loss in Wilson cloud chamber 
ue passage through Pb (also 
decay at rest) 
n* Cosmic rays mw-y. decay at rest Nuclear emulsion 
7 Cosmic rays Nuclear interaction at rest Nuclear emulsion 
n° Accelerator Decay into y rays Counters 
K+ Cosmic rays Kys decay Nuclear emulsion 
Cosmic rays Nuclear interaction at rest Nuclear emulsion 
K°® Cosmic rays Decay into x* + z- in flight Wilson cloud chamber 
n Polonium plus Mass determination from Ionization chamber 
beryllium elastic collisions 
p Accelerator Measurement of e/m plus detec- Counters 
tion of annihilation 
ni Accelerator Detection of annihilation Counters 
A° Cosmic rays Decay in flight into p*+ + 7- Wilson cloud chamber 
A° Accelerator Decay in flight into p+ x* Nuclear emulsion 
Z* Cosmic rays Decay at rest Nuclear emulsion 
ag Accelerator Decay in flight into 7- + n° Diffusion chamber 
Zz Accelerator Decay in flight into A°® + Bubble chamber 
cy Cosmic rays Decay in flight into m- + A° Wilson cloud chamber 
= Accelerators Decay in flight into 7° + A° Bubble chamber 
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subsequently to recover the material 


for development and _ examination 
under the microscope. There is, there- 
fore, a complete absence of any com- 
plications associated with the use of 
auxiliary apparatus. And for such 
work, the continuous sensitivity is a 
decisive advantage. The most important 
discoveries about elementary particles 
made with the photographic method 
in the period from 1947 to 1959 are 
included in Table 1. 

Many of the discoveries referred to 
in Table 1 were greatly assisted by 
two important technical advances— 
first, by the production of more sensi- 
tive emulsions, which were able to 
give a clear track for even the most 
weakly ionizing particles known to 
us, such as fast electrons, and second, 
by the production of emulsions much 
thicker than those of conventional 
photographic plates, and without glass 
support. 


International Collaboration 


By assembling many sheets of 
emulsion, it was possible to build up 
a large sensitive volume for recording 
tracks. Whereas, in the early days, 
only a single layer of emulsion had 
been available, so that only a small 
fraction of the charged particles origi- 
nating in disintegrations within it were 
observed to reach the end of their 
range, in the new conditions the tracks 
could be traced from one emulsion to 
the next throughout a large stack. The 
field of application of the method was 
thereby greatly increased; particles of 
much greater energy could be followed 
to the end of their range, and their 
nature and kinetic energy could be 
determined. Whereas the early experi- 
ments on cosmic rays in 1947 had been 
made with emulsions with a total vol- 
ume about 0.1 cubic centimeter, al- 
ready by 1955 stacks made up of sev- 
eral hundred sheets 0.6 millimeter 
thick, and with a total volume of 7 
liters, were widely employed. 

It is these developments that pro- 
vided the necessary background and 
experience for the extensive inter- 
national collaborations in the study of 
nuclear collisions at extremely high 
energies which are now being carried 
out. These operations involve’ expos- 
ing balloon-borne stacks 80 liters in 
volume to the cosmic radiation at alti- 
tudes above 100,000 feet for periods of 
about 20 hours. 
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Science in the News 


Disarmament: American Position 
Is Awkward: Neutralists Skeptical 
of United States Intentions 


The United States won a procedural 
victory on the disarmament question 
at the United Nations last week. 
Khrushchev’s proposal for a full dress 
debate in the General Assembly was 
defeated 52-13. But the vote indicated 
only the assembly’s refusal to go along 
with the Soviet proposal to depart from 
normal procedure by bypassing the Po- 
litical Committee, where the question 
would normally be considered. It did 
not imply a preference for the Ameri- 
can view on disarmament or a rebuff 
of the Soviet view. The awkwardness 
of the American position remained un- 
changed as the formal debate in the 
Political Committee began this week. 

As noted here last week, considera- 
tions of national self-interest which 
lead the United States to talk mostly 
of controls and which lead the Rus- 
sians to talk of immediate disarma- 
ment are a basic source of American 
awkwardness. Neither side has given 
any indication that it seriously expects 
much progress to be made, and neither 
has much basis for a claim of moral 
leadership. The fact remains, though, 
that the American proposals have less 
popular appeal than the Russian pro- 
posals, particularly among the uncom- 
mitted nations. 

But considerations of national self- 
interest are only the beginning of the 
source of American awkwardness. 
Some of the difficulties stem from the 
nature of American society and of 
America’s position in the world, and 
they are things which are American 
strong points even if they lead to awk- 
wardness on a specific issue like dis- 
armament. Others, though, are clearly 
weaknesses which the Democrats, pub- 
licly, and many leading Republicans 
(including Nixon), privately, acknowl- 
edge to be things the next President will 
have to do something about. 

That America is an open society and 
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Russia is not is a source of awkward- 
ness, as is the fact that the nations of 
the world, in general, expect more of 
the United States than they do of the 
Soviet Union. The openness of Ameri- 
can society contributes, of course, to 
the basic tactical disadvantage of the 
United States described last week be- 
cause it forces Americans to worry a 
great deal more about the dangers of 
inadequate control and inspection pro- 
cedures than the Russians. But beyond 
this, it puts this country at a disad- 
vantage on any question where the pri- 
vate views of its individual citizens 
differ from the official view of its gov- 
ernment. 


Skepticism on Both Sides 


There is no question that the Rus- 
sians are as skeptical of the likelihood 
of making real progress on disarma- 
ment as we ate. Gomulka of Poland 
gave the General Assembly a shrewd 
and reasonable presentation of the 
Communist point of view on disarma- 
ment. In the course of his remarks he 
mentioned that experts on both sides 
recognize that it is possible that con- 
trols can increase rather than decrease 
the chance of war. But the same sort 
of analysis that leads to the unpleasant 
conclusion that certain kinds of con- 
trols can increase rather than decrease 
tension also leads to the even more 
unpleasant conclusion that certain 
types of disarmament can increase 
rather than decrease tensions. This 
particularly applies to disarmament 
without adequate controls. 

A Russian at the United Nations, 
talking privately about disarmament, 
blandly remarked that he really 
didn’t think anything was going to 
be accomplished until after there had 
been a general lessening of East-West 
tensions. This is the common view 
on both sides, but not the official 
view on either side. Both East and 
West have placed resolutions before 
the Political Committee reaffirming 
their support of immediate steps to 


get general and complete disarma- 
ment underway. But while convinc- 
ing evidence of the skepticism with 
which American officials and students 
of disarmament regard such proposals 
is readily available to anyone who can 
read English, the private doubts of their 
Soviet counterparts do not find their 
way into any Soviet publications. And 
beyond the skepticism with which 
American officials regard progress to- 
wards disarmament, the foreigner also 
becomes aware that there are Ameri- 
cans who are simply opposed to dis- 
armament or to negotiating with the 
Russians at all; to be told that such 
and such a senator or such and such 
a retired admiral does not really 
have any influence does not com- 
pletely reassure these foreigners. Un- 
doubtedly there are people’ with 
similar views in Russia, but, once 
again, such views do not find a pub- 
lic outlet in the Soviet scheme of 
things. This does not mean that any- 
one takes the Russian proposals with- 
out a grain of salt. But it does leave 
the Russians with some advantage 
since people know that the United 
States is skeptical about disarmament 
while they can only suspect that the 
Russians are. 

Beyond this, the world in general 
expects more of the United States 
than of the Soviet Union. The United 
States is the leading nation in the 
world, and although the Russians 
have convinced quite a few people 
that this will not continue to be the 
case much longer, the United States 
is still regarded as pre-eminent and 
therefore as the nation which ought 
to be taking the initiative in such an 
important matter as disarmament. 
This places a burden on the United 
States, although hardly an unwanted 
burden. For not many _ responsible 
Americans look forward to a day 
when the world will no longer expect 
more of America than of the Soviet 
Union. 

Under present circumstances the 
United States is in an awkward posi- 
tion when the Russians, as they do 
at every opportunity, say that, if the 
West will agree to some disarmament 
proposals, the Russians will then 
agree to whatever controls are nec- 
essary to assure everyone that these 
proposals are being carried out. No 
one blames the United States for 
doubting that the Russians would 
actually agree to adequate controls 
as they say they would. But almost 
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everyone seems to blame the United 
States for not taking up the Russian 
challenge, agreeing to some disarma- 
ment, and thus putting it up to the Rus- 
sians to demonstrate their often-stated 
readiness to agree to controls. Since no 
one is suggesting that disarmament pro- 
posals, even if agreed upon, should 
go into effect until after agreement 
has been reached on controls, it is 
a common view, particularly among 
the neutralists, that the United States 
is holding things up, without any 
really sound reason for doing so. The 
actual situation is more complex than 
this simple view suggests, but this view, 
nevertheless, makes sense to a good 
many people at the U.N., including 
some Americans. 

Pushing further, the Russians ar- 
gue that they have as much reason 
as the Americans to want adequate 
controls. They scoff at the idea that 
America could not cheat on a dis- 
armament agreement because it is 
an open society. How many people, 
ask the. Russians, knew about the 
U-2 flights? This is not an unan- 
swerable argument, for the fact re- 
mains that it would be much easier 
for the Russians to cheat than for 
the Americans to do so, and there- 
fore controls that might be adequate 
to reassure the Russians are not 
likely to offer an equivalent amount 
of reassurance to the United States. 
But it is still an argument that does 
carry some weight. 


Relative Military Power 


The question remains, why doesn’t 
the United States take the initiative 
by agreeing to some _ disarmament 
measures and putting it up to the 
Russians to come to terms on con- 
trol? In part the answer is, as noted 
here last week, that American of- 
ficials have good reason to suspect 
that the Russians are not yet ready 
to accept adequate controls, and that 
if the United States agrees to some 
steps on disarmament it will find it- 
self in the position of either having 
to go through with the agreement 
on Russian terms, without adequate 
controls, or else of disappointing the 
world by backing out of the agree- 
ment. 

Since a reduction in armaments 
is easy to understand while the ade- 
quacy or inadequacy of given con- 
trols is not, the United States has 
reason to fear that it will look bad 
if it finds itself forced to back out of 
a disarmament agreement, no mat- 
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ter how justified the American re- 
fusal to go ahead on Russian terms 
might be. 

But aside from this tactical problem, 
there is the simple fact that many re- 


sponsible Americans are uncertain 
whether the United States can afford to 
agree to start arms reductions right 
away, and the more complicated fact 
that the nature of the American system 
makes it difficult to reach an agreement 
within the government on what kinds 
of arms reduction might be agreed to. 
A Russian, again talking privately, 
remarked that the Soviet Union was 
not prepared for serious disarmament 
negotiations until the late 1950’s be- 
cause it was weaker than the United 
States. It is assumed that any disarma- 
ment arrangements will be aimed at 
keeping the relative military power of 
the disarmament nations stable as the 
over-all level of armament is reduced. 
Thus, until the Russians felt that their 
military strength was satisfactory in 
relation to American strength they 
were not ready for serious disarmament 
negotiations. Today the shoe seems to 
be on the other foot. The Rockefeller, 
Gaither, and Coolidge studies have all 
criticized what they saw as the inade- 
quacy of the American defense effort, 
and this view appears to be held by al- 
most everyone in Washington outside 
the White House. 

Kennedy, explicitly, and Nixon, im- 
plicitly, have made it clear that they 
will recommend increases in the de- 
fense budget. The suppressed report of 
the Coolidge Commission on disarma- 
ment policy is believed to have spe- 
cifically recommended that the United 
States needs several years to build up 
its defenses to the point where it will 
be in a position to enter serious nego- 
tiations with the Russians on arms re- 
duction. The net effect of this widely 
assumed relative weakness is not only 
to restrict the United States freedom 
to make concessions to the Russians 
in order to demonstrate that the United 
States is ahead of the Russians in terms 
of what we are willing to do in order 
to make progress on disarmament; it 
also makes reaching agreements just so 
much more difficult. 

A Russian, asked why the Soviet 
Union shows so little interest in Eisen- 
hower’s proposals to ban nuclear weap- 
ons from outer space, replies quickly 
that Russia would be foolish to do 
so, because Russia is ahead in outer 
space. Critics of American policies ar- 
gue that the risks of the arms race are 
so enormous that the risks involved in 


moving toward disarmament are small 
by comparison. This feeling is becoming 
increasingly widely held; but it also 
seems to be the case that the Russians 
are not likely to participate in the real 
exchange of concessions necessary from 
both sides so long as they feel that 
American proposals on disarmament 
are based on weakness rather than 
strength: that is, on American fear that 
America is losing out to the Russians 
in a given area rather than on Ameri- 
can confidence that it can match or 
beat the Russians but that it is in the 
mutual interest of both countries to 
arrange to refrain from the race. 

The Russian’s belief in their superior 
strength may be only an illusion. But 
as long as it exists it makes serious dis- 
armament negotiations difficult. The un- 
satisfactory American defense posture, 
real or imagined, is far from the whole 
source of American awkwardness on 
disarmament, and perhaps it is not even 
the most important factor; but it exists 
and adds just so much more difficulty 
to the problem. 

And finally, beyond all the real and 
apparent sources of American awk- 
wardness on disarmament, comes the 
fact that peculiarities of the United 
States political system make it difficult 
for this country to reach agreement in- 
ternally on what sort of disarmament 
proposals might be put forward at the 
United Nations. There is a great deal 
of logic to the claim that there ought 
to be a real unification of the armed 
forces, but the logic does not alter the 
political fact that real unification is not 
likely to move very fast. For any pro- 
posal for reform arouses opposition 
from everyone who fears that his serv- 
ice will lose something through the re- 
form and who manages to deduce that 
his disinterested concern for the national 
welfare requires him to oppose the 
move. Every important faction in the 
Pentagon has sources of support in Con- 
gress and elsewhere throughout the 
country, which makes it very difficult to 
make progress on reorganizing the de- 
fense department despite almost every- 
one’s profession that he favors some sort 
of reorganization. Similarly, any pro- 
posal for disarmament implies that some 
section of the armed forces is going to 
be weakened, and since everyone tends 
to be convinced that his particular area 
of concern is uniquely important to na- 
tional defense, it is very hard to think 
of any disarmament proposal that would 
not arouse strong opposition from some- 
one in the Pentagon and from his sup- 
porters outside—H.M. 
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News Notes 





Senate Studies Salvaging of 
Data from $2.1 Billion in 
Cancelled Defense Research 


The Senate Subcommittee on Reor- 
ganization and International Organiza- 
tions reported last week that it is study- 
ing the efficiency with which research 
information is salvaged from cancelled 
research projects. During the last 3 
years the Department of Defense has 
cancelled some $2.1 billion of research 
on weapon systems prior to completion 
of the projects. The review is part of 
an analysis of government scientific in- 
formation programs, to be completed 
by 31 January 1961. 

Largest of the cancelled projects were 
Navaho, $679.8 million; Rascal, $448 
million; Sea Master, $387 million; and 
Regulus, $210 million. This informa- 
tion was included in a statement to the 
subcommittee provided by Herbert 
York, director, Office of Defense and 
Engineering, Department of Defense. 
York’s statement included only projects 
whose total cumulative obligations be- 
fore termination involved $10 million 
or more. 

In describing the survey, Senator 
Hubert H. Humphrey, subcommittee 
chairman, pointed out that the Depart- 
ment of Defense does have a procedure 
for salvaging information from can- 
celled projects through filing of termi- 
nation reports. He noted that the de- 
partment is cooperating closely with 
the subcommittee in making available 
information on its index-control sys- 
tems on research projects, particularly 
in the electronics field. 

Every project involves hundreds of 
subprojects, tasks, and subtasks. The 
Senate group hopes to determine how 
well these are reported on, indexed, 
and consulted in order to avoid waste- 
ful repetition of experiments. 


Weisskopf To Head European 
Organization for Nuclear Research 


Victor F. Weisskopf, president of the 
American Physical Society and profes- 
sor of physics at Massachusetts Institute 
of Technology, is to head the 12-nation 
European Organization for Nuclear 
Research in Geneva, according to a 
report by Walter Sullivan in Monday’s 
New York Times. The appointment is 
somewhat unusual because the United 
States is not a member of the interna- 
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tional research center, known as CERN. 
Weisskopf was born in Vienna and 
became a naturalized United States cit- 


_ izen in 1943. He worked at the In- 


stitute of Technology in Zurich, where 
Albert Einstein developed his theory 
of relativity, and was associated with 
Niels Bohr at the University of Copen- 
hagen. 

Weisskopf succeeds Cornelius J. Bak- 
ker of the Netherlands, who was killed 
last spring in an airplane accident in 
the United States. John B. Adams of 
England has been serving as acting 
head of CERN. He will return to his 
own country to direct research on the 
controlled fusion reaction. Weisskopf 
is expected to hold his post in Switzer- 
land for 3 years and then return to 
M.LT. 


Biological Abstracts 
Holds Dedication 


Biological Abstracts dedicated its 
new headquarters in Philadelphia 6-7 
October with housewarming ceremonies 
for which Wallace O. Fenn, president 
of the board of trustees, served as host. 
Fenn, professor of physiology at the 
University of Rochester School of Med- 
icine and Dentistry, welcomed attending 
biologists and scientific information 
specialists at proceedings that featured 
a symposium on scientific communica- 








tion. In his opening remarks, Fenn 
spoke of the growth of the organiza- 
tion, which abstracts biological litera- 
ture from all over the world. He said: 
“Our growth has. been dramatic be- 
cause we are a product of the creativity 
of Science. .. .” 

Organized in 1926, Biological Ab- 
stracts was for many years housed in 
facilities provided, rent free, by the 
University of Pennsy!vania. In i958, 
the adjoining buildings that have just 
been dedicated were purchased. In- 
ternally, they have been virtually re- 
constructed. 


Washington University Faculty 
Supports Pauling; 187 Sign Protest 


Some 187 members of the faculty of 
Washington University signed a letter 
to the Senate Subcommittee on Internal 
Security that protests the committee’s 
efforts to “interfere with Dr. Linus 
Pauling’s fulfillment of his solemn obli- 
gations to his profession, to our nation 
and to humanity.” In 1958 Pauling 
submitted a petition to the United Na- 
tions which called for an international 
agreement to stop nuclear weapons 
tests. Of the 11,021 scientists who 
signed the petition, more than 2000 
were American, 104 of them members 
of the United States National Academy 
of Sciences. 





Donald F. Murphy, treasurer of the board of trustees, Biological Abstracts; Wallace 
O. Fenn, president; and G. Miles Conrad, director. 
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The subcommittee subpoenaed Paul- 
ing and demanded that he provide the 
committee with his record of the names 
of those who helped him circulate the 
petition. Pauling has refused, risking a 
contempt citation. 

The Washington letter signers say: 
“We are proud that this petition was 
drafted, and the movement for its cir- 
culation was started, on the occasion 
of Dr. Pauling’s visit at Washington 
University as Eliot Honors Day speaker 
in May, 1957. . . . That a committee 
on internal security should concern it- 
self with this matter clearly indicates 
that its members fail to recognize that 
Dr. Pauling and his associates have 
performed a service of the highest 
patriotism. ... 

“That Dr. Pauling, at personal risk, 
has chosen to resist the subcommittee’s 
demand is added evidence of his pro- 
found devotion to the obligations of a 
scholar and a citizen. 

“We call upon our colleagues, our 
fellow citizens, and our representatives 
in Congress to join in putting an end to 
the subcommittee’s present course of 
action.” 


Contempt Citation Less Likely 


Although it is still possible that a 
criminal charge of contempt of Con- 
gress may be brought, it is far less 
likely now than it was before the com- 
mittee session of 11 October, for which 
Pauling received a second subpoena. 
Such action cannot be taken on the 
basis of the hearing record so far, for 
Pauling has not yet been, and may 
never be, ordered finally to produce 
the documents at issue. 

When Senator Thomas J. Dodd (D- 
Conn.), acting subcommittee chairman, 
asked for the list of names, Pauling’s 
attorney entered a legal objection on 
which Dodd never ruled. The Supreme 
Court has said that a Congressional 
witness cannot be convicted of con- 
tempt unless the hearing committee 
has definitely overruled all objections 
and clearly directed the witness to 
comply with its request. 


News Briefs 


Antimicrobial agents. A Conference 
on Antimicrobial Agents will meet at 
the Mayflower Hotel in Washington, 
D.C., 26-28 October, under the spon- 
sorship of the Society for Industrial 
Microbiology, a nonprofit organization 
of scientists and engineers in univer- 
sity, governmental, and industrial re- 
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search. Selman A. Waksman, 1952 
Nobel laureate, is honorary chairman 
of the conference and will present the 
keynote address. Officers of the meet- 
ing anticipate the participation of some 
500 scientists—from Japan, Czecho- 
slovakia, West Germany, Austria, Eng- 
land, Canada, and Haiti, as well as the 
United States. 


German professors visit. A new 
teaching hospital is being planned for 
the Free University of West Berlin to 
provide facilities for the medical fac- 
ulty. Fourteen professors from West 
Berlin visited the University of Chicago 
on 14 October to study its medical 
school as a model which they may wish 
to emulate. The buildings for the Ger- 
man hospital are to be financed jointly 
by the West Berlin Government and 
the United States Government, with 
design and construction determined by 
the Benjamin Franklin Foundation, a 
joint United States-German nongovern- 
ment group. The U.S. representatives 
are chiefly architects. Medical advice 
has been given by Jack Masur of the 
Clinic Center of the National Insti- 
tutes of Health, Basil McLean, hospi- 
tal administrator, and Russell Nelson, 
director of the Johns Hopkins Hospital. 


Microbiology. Sixty microbiologists, 
half of them from abroad, will report 
on their research at a Symposium on 
Marine Microbiology to be held in the 
Morrison Hotel, Chicago, 20-24 April 
1961. The symposium is being spon- 
sored by the Office of Naval Research 
and the Society of American Bacteriolo- 
gists, in cooperation with the American 
Institute of Biological Sciences. Pro- 
gram chairman is Carl H. Oppenheimer 
of the University of Texas Institute of 
Marine Science, Port Aransas, Tex. 

, : ae % He 

Orbiting observatory planned. The 
National Aeronautics and Space Ad- 
ministration will negotiate with Grum- 
man Aircraft Engineering Corporation, 
Bethpage, N.Y., on a contract to de- 
velop a 1.5-ton orbiting astronomical 
observatory. Astronomers will use tele- 
scopes in the orbiting observatory space 
platform to study cosmic phenomena— 
x-rays and ultraviolet and infrared rays 
—obscured from the ground by the 
earth’s atmosphere. 

The Grumman proposal, one of 11 
submitted in July, requires negotiation 
of a contract for approximately $23 
million, not including the cost of the 
experiments. Grumman proposes an 
eight-sided satellite, 9.5 feet high and 


6.5 feet in diameter. It will weigh about 
3200 pounds, including 1000 pounds 
of experimental equipment. Two flight 
model orbiting observatories will be 
built under the contract, the first to be 
delivered in 2.5 years. 

* bo x 

IAEA mission to Latin America. A 
preliminary assistance mission of the 
International Atomic Energy Agency 
left Vienna on 16 October for Mexico, 
El Salvador, Guatemala, Peru, and 
Paraguay. It is headed by Arturo Cairo 
of IAEA’s Training and Exchange Di- 
vision, formerly head of the chemistry 
department of the Atomic Energy Com- 
mission of Argentina and professor of 
inorganic chemistry on the Faculty of 
Sciences, University of Buenos Aires. 
The mission, which is expected to re- 
turn to Vienna on 24 November, will 
spend about 1 week in each of the five 
countries. Other members of the IAEA 
team are Carlos Buchler, Robert Dud- 
ley, Subhas Dhar, Peter Nye, and John 
Webb. 

* * & 

UNESCO conference on Africa. The 
U.S. National Commission for 
UNESCO, which has just concluded its 
2-day annual meeting, has announced 
that next year’s conference will focus 
on Africa south of the Sahara. Vernon 
McKay, vice president of the African 
Studies Association and professor of 
African studies at Johns Hopkins Uni- 
versity, was appointed chairman of a 
National Commission committee to 
plan and organize the conference, which 
will be held in Boston, 23-26 October 
1961. Boston University will be host, 
and a special organizing committee will 
also be set up in Boston. 

% BS ue 

Stanford Radio Astronomy Institute. 
A new Radio Astronomy Institute has 
been formed at Stanford University to 
implement an expanded research pro- 
gram in which distinguished visiting 
scientists will take part. Experts from 
Japan and Australia already have made 
visits under the aegis of the institute, 
which will support a continuing group 
of such visiting specialists to augment 
the Stanford research staff. 

The Air Force Office of Scientific 
Research sponsors the new organiza- 
tion, which is directed by Ronald N. 
Bracewell, the professor who designed 
and built Stanford’s 32-dish radio tele- 
scope. An advisory committee of spe- 
cialists from the Stanford Electronics 
Laboratories and the Radioscience 
Laboratory assists him in administer- 
ing the institute. 
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Scientists in the News 


Gold Heart Awards, highest honor of 
the American Heart Association, were 
presented at the association’s annual 
dinner in St. Louis on 23 October to 
Herrman L. Blumgart, professor of 
medicine, Harvard Medical School, and 
physician-in-chief, Beth Israel Hospital, 
Boston, and Robert L. King, clinical 
associate professor of medicine, Uni- 
versity of Washington School of Medi- 
cine, Seattle. Blumgart was cited for his 
services as editor-in-chief of Circula- 
tion, one of the four professional jour- 
nals of the association, and King, a 
former AHA president, was honored 
for having “helped to sharpen our pro- 
gram objectives and to strengthen our 
scientific leadership on the continuing 
fight against cardiovascular diseases.” 


Rebecca C. Lancefield of the Rocke- 
feller Institute received the third T. 
Duckett Jones Memorial Award of the 
Helen Hay Whitney Foundation on 8 
October at a dinner held in her honor 
in Princeton, N.J. The award, in the 
amount of $6500, was conferred for 
“her long and continuing studies which 
are so largely responsible for the present 
knowledge of the biology of hemolytic 
streptococci.” 

The presentation took place during 
the Whitney Foundation’s third annual 
meeting of research fellows and estab- 
lished investigators and second Connec- 
tive Tissue Conference. Dr. Lancefield 
is the second woman to be named a full 
professor by the Rockefeiler Institute 
and the first woman to receive the Jones 
Award. 


The National Aeronautics and Space 
Administration has announced appoint- 
ment of 28 outstanding scientists to 
three Office of Life Science advisory 
committees. The committees (which will 
meet three or four times a year) and 
their chairmen are as follows: space 
biology (molecular biology, cellular en- 
vironmental physiology, and extrater- 
restrial life), Melvin Calvin, professor 
of chemistry, University of California; 
space medical and behavioral sciences 
(neurophysiology and psychology, me- 
tabolism and nutrition, and cardio- 
vascular and respiratory physiology), 
Robert S. Morison, director, medical 
and natural sciences, the Rockefeller 
Foundation; and flight medicine and 
biology (experiments in the space en- 
vironment and _ biotechnology), W. 
Randolph Lovelace, II, the Lovelace 
Foundation. 
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Alan Gray, previously chief of the 
virology department, Microbiological 
Associates, Bethesda Md., has been 


_ appointed manager of biological devel- 


opment for Merck Sharp and Dohme 
Division of Merck and Co., West Point, 
Pa. 


Conrad L. Longmire, physicist, has 
been appointed a member of the staff 
of the Avco-Everett Research Labora- 
tory, Everett, Mass. He will be engaged 
in research pertaining to ballistic missile 
defense. For the past 11 years he has 
been on the staff of the Los Alamos Sci- 
entific Laboratory, Los Alamos, N.M., 
where he served as alternate leader of 
the theoretical division. 


William C. Ashby, formerly of the 
botany department at the University of 
Chicago, has been appointed associate 
professor of botany at Southern Illinois 
University. 


H. William Harris has been named 
professor and chairman of the depart- 
ment of medicine at the Woman’s Medi- 
cal College of Pennsylvania. Since 1955 
he has been associate professor of medi- 
cine and head of the pulmonary disease 
division at the University of Utah Col- 
lege of Medicine, Salt Lake City, and 
chief of the pulmonary disease service 
of the Veteran’s Administration Hospi- 
tal in that city. 


The Public Health Service has an- 
nounced two staff changes in the office 
of the director, National Institutes of 
Health. 

Charles V. Kidd, at present chief of 
the office of program planning, will be- 
come associate director for institutional 
relations. 

Joseph S. Murtaugh, now serving as 
assistant chief of the office of program 
planning, will succeed Kidd as chief of 
the office. In his new position Kidd will 
be a member of the NIH director’s pol- 
icy staff and the leading adviser on the 
development of NIH relations with edu- 
cational and research institutions. His 
principal function will be the evaluation 
of the total effect of all NIH research 
grants and fellowships on such institu- 
tions. 


John P. Wise, biologist at the Fish- 
eries Laboratory, Woods Hole, for the 
past 7 years, is transferring to the Food 
and Agriculture Organization of the 
United Nations to serve as an adviser 
in fisheries biology in Argentina, Brazil, 
and Uruguay. 





The first Distinguished Service Awards 
of the Minnesota Medical Foundation 
were recently presented to Maurice B. 
Visscher, head of the department of 
physiology at the University of Minne- 
sota, and Owen H. Wangensteen, head 
of the university’s department of sur- 
gery. The two men were honored in a 
surprise ceremony with certificates and 
accompanying awards which will pay 
them each $5000 annually until retire- 
ment. 


John B. Kaiser has accepted appoint- 
ment as the executive director of the 
American Documentation Institute, a 
professional society founded in 1937 for 
the discussion, publication, and critical 
analysis of work dealing with the theory, 
practice, research, and development of 
all elements involved in the communi- 
cation of recorded specialized informa- 
tion. Members include physical and 
social scientists, technologists, adminis- 
trators, librarians, information special- 
ists, and documentalists. 

In addition, Luther H. Evans, former- 
ly Librarian of Congress and director of 
UNESCO, has been appointed editor of 
American Documentation. The ADI 
has temporary offices at 1025 Connecti- 
cut Ave., NW, Washington, D.C. 


R. J. North, senior scientific officer 
at Britain’s National Physical Labora- 
tory, Teddington, will be in the United 
States for approximately 10 days, com- 
mencing about 16 October. His tour 
will include participation in the Sth 
International Congress on High Speed 
Photography in Washington, D.C. 

G. Popjak, director of the Medical 
Research Council’s Experimental Ra- 
diopathology Research Unit, London, 
will spend the fall working at the Na- 
tional Heart Institute. 


Winners of 17 awards which are ad- 
ministered by the American Chemical 
Society were announced at the 138th 
ACS national meeting that was held 
recently in New York. Most of the 
awards will be presented next spring 
at the 139th national meeting of the 
ACS in St. Louis. At that time the 
Priestley Medal, the Society’s highest 
honor, will also be presented. The 17 
winners are as follows: 

R. B. Woodward, Donner professor 
of science at Harvard University— 
Roger Adams Award in Organic Chem- 
istry. 

Melvin S. Newman, professor of 
chemistry at Ohio State University— 
ACS Award for Creative Work in Syn- 
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thetic Organic Chemistry, sponsored by 
the Synthetic Organic Chemical Manu- 
facturers Association. 

John J. Katz, senior research chem- 
ist, Argonne National Laboratory— 
ACS Award for Nuclear Applications 
in Chemistry, sponsored by the Nu- 
clear-Chicago Corporation. 

Frederick L. Crane, associate pro- 
fessor of biological sciences, Purdue 
University—ACS Award in Biological 
Chemistry, sponsored by Eli Lilly and 
Company. 

Marcel J. E. Golay, consultant, in- 
strument division, Perkin-Elmer Corp. 
—ACS Award in Chemical Instru- 
mentation, sponsored by E. H. Sargent 
& Co. 

Harold H. Strain, senior chemist, 
Argonne National Laboratory—ACS 
Award in Chromatography and Elec- 
trophoresis, sponsored by Labline, Inc. 

Olaf A. Hougen, professor of chemi- 
cal engineering, University of Wiscon- 
sin—ACS Award in Industrial and En- 
gineering Chemistry, sponsored by the 
Esso Research and Engineering Com- 
pany. 

George S. Hammond, professor of 
organic chemistry, Gates and Crellin 
Laboratory, California Institute of Tech- 
nology—ACS Award in Petroleum 
Chemistry, sponsored by Precision Sci- 
entific Company. 

Eugene E. van Tamelen, professor 
of Chemistry, University of Wisconsin 
—ACS Award in Pure Chemistry, 
sponsored by Alpha Chi Sigma Fra- 
ternity. 

Vladimir N. Krukovsky, professor 
of dairy and food science, New York 
State College of Agriculture, Cornell 
University—ACS Award in the Chem- 
istry of Milk, sponsored by the Borden 
Company Foundation, Inc. 

H. A. Laitinen, professor of analyti- 
cal chemistry, University of Illinois— 
Fisher Award in Analytical Chemistry. 

C. §S. Seidel, Scientific Collabora- 
tor of Firmenich & Cie., Federal Poly- 
technical Institute, Zurich—Fritzsche 
Award. 

Sarah Ratner, member of the divi- 
sion of nutrition and physiology, Pub- 
lic Health Research Institute of the 
City of New York—Garvan Medal. 

David Dietz, science editor, Scripps- 
Howard Newspapers—James T. Grady 
Award. 

Stephen Brunauer, manager of the 
basic research section at Portland Ce- 
ment Association—Kendall Company 
Award in Colloid Chemistry. 

Frank Huennekens, associate profes- 
sor of biochemistry, University of 
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Washington School of Medicine—Paul- 
Lewis Laboratories Award in Enzyme 
Chemistry. 

John C. Bailar, Jr., professor of 
chemistry, University of Illinois—Sci- 
entific Apparatus Makers Award in 
Chemical Education. 


Brigadier General William M. 
Thames, Jr., commanding general of the 
U.S. Army Combat Surveillance Agen- 
cy, Arlington, Va., has been named 
commanding general of the newly estab- 
lished U.S. Army Advent Management 
Agency, Fort Monmouth, N.J. Develop- 
ment of a communication system uti- 
lizing a 24-hour communication satellite 
is the objective of Project Advent, 
which was recently transferred from the 
Advanced Research Projects Agency to 
the Army. The U.S. Army Advent Man- 
agement Agency was established by the 
Army Signal Corps to provide over-all 
management and technical direction of 
the Army’s responsibilities in the pro- 
gram. The agency will be assisted by a 
specially selected group of officers and 
scientists. 

Serving as deputy commander of the 
new agency will be Colonel John W. 
Schroder, now chief officer for ammu- 
nition operation of the U.S. Army Ord- 
nance Special Weapons-Ammunition 
Command, Picatinny Arsenal, Dover, 
NJ. 


Recent Deaths 


Brooks A. Brice, Philadelphia, Pa.; 
56; physicist with the U.S. Department 
of Agriculture for 30 years and head of 
the department’s animal fat properties 
laboratory in the Eastern Utilization 
Research and Development Division, 
Wyndmoor, Pa.; noted for his develop- 
ments and inventions in the field of 
color and spectrophotometry; 19 Sept. 

Herman T. Briscoe, Indianapolis, 
Ind.; 66; chemist and retired vice presi- 
dent and dean of faculties of Indiana 
University; author of four books, in- 
cluding a widely used general chemistry 
textbook; during World War II, served 
in Washington as chief of the division 
of professional and technical training in 
the War Manpower Commission; 8 Oct. 

Wesley R. Coe, San Diego, Calif.; 
93; professor emeritus of biology at 
Yale University; after retirement in 
1937, served as a research associate at 
Scripps Institution of Oceanography, La 
Jolla, Calif., for 18 years; 21 Sept. 

Donald M. Davidson, Minneapolis, 
Minn.; 58; president of the E. J. Long- 





year Company, Minneapolis, and an 
internationally known geologist; served 
as a consultant to a number of govern. 
ment agencies, boards, and commissions 
and was a former president of the So- 
ciety of Economic Geologists; between 
1928 and 1939, rose to chief engineer 
for Selections Trust, Ltd., London; 15 
Sept. 

Melanie Klein, London, England; 78; 
one of Britain’s foremost child psychol- 
ogists; developed the technique of “play 
therapy,” basing her studies of emo- 
tional disorders in children on system- 
atic observation of their play, a meth- 
od that was adopted with various modi- 
fications by child guidance clinics 
throughout Western Europe and the 
United States; 22 Sept. 

Alfred Kroeber, Berkeley, Calif.; 84; 
internationally known anthropologist 
who taught at the University of Cali- 
fornia for almost 40 years and for 
whom the university’s new antaropology 
building, Kroeber Hall, was named in 
1958; author of the authoritative text- 
book Anthropology and of a number of 
important works on American Indian 
tribes; after retirement in 1946, accepted 
visiting professorships at Harvard, 
Columbia, and Brandeis universities 
and, in 1955, a fellowship at the Center 
for Advanced Study in Behavioral Sci- 
ences at Stanford University; in 1945 
received the Huxley Medal, highest 
honor given by the Royal Anthropologi- 
cal Institute of Great Britain, and the 
next year, the Viking Medal, from the 
American Arithropological Association; 
a former president of the American 
Folklore Society and the American 
Anthropological Association; 4 Oct. 

William M. Mann, Washington, D.C.; 
74; retired in 1956 after 31 years as di- 
rector of the Washington zoo, which is 
operated by the Smithsonian Institution; 
was assistant director of the Mulford 
Biological Exploration in the Amazon 
Basin in 1921-22, director of the Smith- 
sonian Chrysler Expedition to Africa in 
1926, and director of the National Zoo- 
logical Park expeditions to British 
Guiana in 1931, to Argentina in 1938, 
and to Liberia in 1940; in 1937 directed 
the National Geographic Society ex- 
pedition to India; 10 Oct. 

Burt M. McConnell, New York, 
N.Y.; 72; arctic explorer, writer, and 
editor; was an assistant to Vilhjalmur 
Stefansson and was meteorologist on 
the Canadian Arctic Expedition in 
1913-14; was on the editorial staff of 
the Literary Digest from 1919 to 1929, 
and later edited the Explorers Journal; 
24 Sept. 
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Book Reviews 


Advances in Computers. vol. 1. Franz 
L. Alt, Ed. Academic Press, New 
York, 1960. x + 316 pp. Illus. $10. 

Mathematical Methods for Digital 
Computers. Anthony Ralston and 
Herbert S. Wilf, Eds. Wiley, New 
York, 1960. xi + 293 pp. Illus. $9. 

Progress in Automation. vol. 1. Andrew 
D. Booth, Ed. Academic Press, New 
York; Butterworths, London, 1960. 
viii + 231 pp. Illus. $8.50. 

Automatic Data-Processing Systems. 
Principles and procedures. Robert H. 
Gregory and Richard L. Van Horn. 
Wadsworth, San Francisco, Calif., 
1960. xii + 705 pp. Illus. 

Management Organization and _ the 
Computer. George P. Shultz and 
Thomas L. Whisler, Eds. Free Press, 
Glencoe, Ill., 1960. xvii + 257 pp. 
$7.50. 


The literature on computers has 
many facets which reflect the manifold 
applications of these instruments in our 
everyday life. A glance at volume 1 of 
Advances in Computers, the first of a 
new series, is sufficient to demonstrate 
that the role of the computer is not 
confined to the scientific and engineer- 
ing calculations for which the early 
computers were developed. Side by side 
with the articles “Numerical weather 
prediction” and “Binary arithmetic” 
appear the papers ‘“General-purpose 
programming for business applica- 
tions,” “The present status of automatic 
translation of languages,’ ‘“Program- 
ming computers to play games,” and 
“Machine recognition of spoken 
words.” Each of these survey articles is 
written by an authority in the field and 
is accompanied by a comprehensive 
bibliography. Almost all indicate the 
progress made in the field to date, as 
well as the work still to be done before 
the problems involved can be con- 
sidered solved, if, indeed, they ever can 
be. Thus Bar-Hillel makes a strong case 
for the impossibility of ever achieving 
fully automatic high quality translation 
by computers. On the other hand, there 
is reasonable expectation that weather 
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can eventually be predicted with great 
accuracy by machines. 

The use of a computer as a calculat- 
ing instrument is most fully realized 
when it solves scientific and engineering 
problems. For this purpose, the branch 
of mathematics called numerical analy- 
sis provides the tools with which these 
problems, once they have been well 
formulated in mathematical terms, can 
be tackled to yield numerical results. 
Because automatic digital computers 
operate much faster than hand com- 
puters and have different logical 
characteristics, numerical analysis has 
undergone a tremendous upheaval with 
their appearance. The greater speed 
and capacity of these machines have 
made possible the use of techniques 
which were not feasible previously and 
have stimulated the search for new 
algorithms as more difficult problems 
are posed for solution. Mathematical 
Methods for Digital Computers is the 
first book which deals solely with com- 
puter-oriented numerical analysis. 

The book consists of an introduction, 
which explains the general layout of 
each chapter, and 26 chapters, which 
are divided into six sections, on the 
generation of elementary functions, 
matrices and linear equations, ordinary 
differential equations, statistics, and mis- 
cellaneous methods. The last-mentioned 
category includes solutions of poly- 
nomial equations, quadrature, Fourier 
analysis, linear programming, and net- 
work analysis. The layout of each chap- 
ter except the first, which is of a special 
nature, is uniform and follows this out- 
line: function of method, mathematical 
discussion, summary of the calculation 
procedure, flow chart with description, 
subroutines needed, sample problem, 
memory requirements, estimation of 
running time, and references. The in- 
dividual chapters are written by experts 
in the different fields, and hence the 
treatment is uneven. Some authors 
treat the problem in its full generality, 
from beginning to end, while others 
deal adequately with the theory but 
treat only a simplified version in the 


flow chart. In addition, several fairly 
widespread methods are omitted, while 
others of limited application are in- 
cluded. However, this is a good first 
effort to fill a gap in the rapidly grow- 
ing literature on computers. 

Among the many users of computers, 
the large industrial concerns are best 
able to exploit their diverse capabilities 
to the utmost. Thus, in addition to per- 
forming the scientific calculations as- 
sociated with research and development 
and with mathematical programming, 
the computer is used to handle the 
paper work of the firm and to control 
the manufacturing process. This latter 
use is, at present, a fringe use of com- 
puters, but its importance is bound to 
increase with time. Progress in Automa- 
tion is devoted to British experience in 
this field. This collection of articles 
consists of an introduction by the editor 
and two parts, “Methods” and “Applica- 
tions.” The papers in part 1 deal with 
some of the fundamental tools and 
techniques useful in automation, while 
those in part 2 discuss systems which 
are already in operation and which 
have a computer as one of their princi- 
pal components. The articles are fairly 
technical and should be of great inter- 
est to engineers concerned with the 
field. 

The information-handling aspect of 
computers is becoming more and more 
widespread, and we no longer speak of 
computers but of data-processing sys- 
tems. A very thorough treatment of this 
field is given in Automatic Data- 
Processing Systems. Its 22 chapters are 
divided into seven parts: “Orientation,” 
“Automatic equipment,” “Programming 
and processing procedures,” “Principles 
of processing systems,” “Systems de- 
sign,” “Equipment acquisition and 
utilization,” and “System re-examina- 
tion and prospective developments.” In 
addition there are three appendixes: 
“History of computation and data- 
processing devices,” “Questions and 
problems,” and “Glossary of automatic 
data-processing terminology.” Each 
paper is followed by a detailed sum- 
mary, which indicates the coverage of 
the chapter, and by a list of references 
and supplemental readings. (These 
entries are accompanied by a brief sum- 
mary of their contents, which greatly 
increases their usefulness.) Finally, 
there are 11 tables giving up-to-date in- 
formation on most of the data-process- 
ing systems now on the market. This 
work contains a storehouse of informa- 
tion suitable for the needs of the various 
groups concerned with data processing, 
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and the authors are to be congratu- 
lated for the excellent presentation. 
Of more limited scope is the book 


Management Organization and _ the 
Computer, which is the proceedings of a 
seminar sponsored by the graduate 
school of business of the University of 
Chicago and by the McKinsey Founda- 
tion. This book is concerned with the 
changes a company has to undergo 
when a computer is introduced. It 
contains articles relating to what the 
editors call information technology as 
well as articles relating to the concepts 
and problems of organization. An addi- 
tional series of articles involves the 
experience of five companies that have 
installed computers. Many of these 
papers are followed with discussions 
and comments made by the partici- 
pants; these remarks help clarify the 
subject matter. The book is intended 
for the higher levels of management 
where major decisions are made; the 
decision to install a data-processing 
system in a company, with all the up- 
heaval involved in such an act, is in- 
deed a major decision. However, in 
view of the rapidly increasing flow of 
information throughout the business en- 
terprise, the question is not whether to 
install a computer, but rather how to 
do it most efficiently. This book should 
help to find the answer. 

PHILIP RABINOWITZ 
Department of Applied Mathematics, 
Weizmann Institute of Science, 
Rehovoth, Israel 


Henry Cavendish. His life and scientific 
work. A. J. Berry. Hutchinson, Lon- 
don, 1960. 208 pp. Illus. 35s. 


When Cavendish died in 1810, 
Humphry Davy said of him: “His name 
will be an object of more veneration in 
future ages than at the present moment 

. it will remain illustrious in the an- 
nals of science. . .” In a biography of 
Cavendish published in 1851, George 
Wilson probed deeply into the “water 
controversy” between Priestley, Watt, 
Cavendish, and Lavoisier; Wilson’s 
study of what these men meant by in- 
flammable air and phlogiston is still 
indispensable to the specialist. Since 
then, Cavendish’s many unpublished 
papers have become available in print. 
Now Berry gives us the first compre- 
hensive survey of this work which ex- 
tended to many different fields of sci- 
ence. This man of “morbid shyness and 
timidity” had “the remarkable gift of 
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knowing almost intuitively what kinds 
of problems were worth investigation” 
(page 21). Berry considers him to be 
the founder of water analysis and points 
out that Cavendish had clear concepts 
of chemical proportions and equivalent 
weights. In a paper published in 1781, 
Cavendish spoke of the particles of his 
electric fluid, but he adhered to New- 
ton’s opinion of heat as the internal 
motion of the particles of bodies against 
Black’s hypothesis of a matter of heat. 
In his electrical researches he was, as 
Maxwell said, “his own galvanometer.” 
This master of the accurate experiment 
noticed that “1/120 of the bulk of the 
phlogisticated air” remained unreactive. 
More than a century later this observa- 
tion led to the discovery of the inert 
gases. Berry’s account here conflicts 
with that of Ramsay himself. 

The historians of science will be 
grateful to Berry for his well-balanced 
and thorough study. Those interested 
in “the” scientific method will find 
here much to capture their attention, 
particularly in Cavendish’s approach to 
the problem of the “Electric Ray or 
Torpedo.” Berry has painted a fascinat- 
ing picture of a living embodiment of 
that abstraction, the pure scientist. 

EDUARD FARBER 
4530 Brandywine Street, NW, 
Washington, D.C. 


Progress in Solid Mechanics. vol. 1. 
I. N. Sneddon and R. Hill, Eds. 
North-Holland, Amsterdam; Inter- 
science, New York, 1960. xii + 448 
pp. $15.50. 


The aims and scope of this book are 
best described by quoting from its pref- 
ace: “At the present time the mechan- 
ics of solids is perhaps the most rapidly 
expanding branch of applied mathemat- 
ics. . . . It is becoming more and more 
desirable for engineers and physicists 
as well as applied mathematicians to 
study solid mechanics as a whole, and 
yet increasingly difficult for them to do 
so since important papers may appear 
in journals of widely differing character. 
This impasse may be met only by re- 
view articles of the highest standard 
which from time to time summarize and 
unify the most recent work in a particu- 
lar field or group of fields. The present 
volume is the first in a series directed 
toward that end. The papers it con- 
tains are mainly concerned with re- 
viewing recent theoretical studies in 
solid mechanics, but it is hoped that 


future volumes will contain surveys of 
recent experimental investigations. . . 

The main emphasis [of this series] will 
be on basic principles and mathematical 
techniques of continuum mechanics, in 
all its aspects, together with experi- 
mental work of a fundamental kind.” 

The British editors are well qualified 
for this task, and it may be said that 
this first volume is highly successful in 
meeting the purpose set forth in the 
preface. Five of the contributors are 
British, and there is one each from Ger- 
many, Holland, and Japan. Five of the 
chapters cover subjects of rather broad 
general interest, while the other three 
discussions present results of more lim- 
ited scope, yet of considerable interest. 

The chapter on viscoelastic waves, 
by S. C. Hunter, is an interesting and 
logically developed account of the re- 
cent work on wave propagation in vis- 
coelastic (or anelastic) materials. Both 
the Fourier and Laplace transform ap- 
proaches are covered, with both their 
equivalence and the cases in which one 
or the other approach has practical ad- 
vantages clearly pointed out. The vari- 
ous formulations of the constitutive 
equations applicable to linear materials 
showing viscoelastic or anelastic behav- 
ior are derived in a fashion suitable for 
the purposes of this chapter, although 
neither this section nor the discussion of 
the experimental results for polymers 
is, or was intended to be, complete. 

The material on matrices of trans- 
mission in beam problems, by K. Mar- 
guerre, presents a formulation of the 
dynamics of framed structures with 
members of variable section not neces- 
sarily straight. Torsion can also be in- 
cluded. This paper should be of value 
to engineers and computers interested 
in numerical analysis. 

H. G. Hopkins discusses the dynamic 
expansion of spherical cavities in metals 
produced by explosive loading. Al- 
though it is necessary to introduce 
drastic simplifications—such as neglect 
of the outgoing shock wave in the metal 
and the oscillatory character of the gas 
pressure in the early stages—in order 
to obtain a manageable problem, never- 
theless it is possible to reach conclusions 
of both practical and theoretical inter- 
est. 

W. T. Koiter presents a concise but 
quite complete survey of the general 
theorems of the mathematical theory of 
plasticity for isotropic bodies. Existence 
and uniqueness theorems are discussed, 
together with minimum principles and 
the bounds associated with limit analy- 
sis, including plastic collapse and shake- 
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down. Qualifications of the theorems 
are carefully stated. The development 
of this aspect of the theory of plasticity 
has reached relative maturity, and this 
review not only summarizes the ma- 
terial effectively but also gives the his- 
torical perspective of the development. 

The presence of even the simplest 
boundaries in an elastic body with some 
finite dimensions introduces great com- 
plications in the behavior of elastic 
waves; in particular, there is usually 
dispersion. Because of the widespread 
use of high-frequency mechanical sys- 
tems, such as crystal oscillators, marked 
interest has been shown in this subject 
in recent years. W. A. Green treats one 
aspect of this matter in a rather indi- 
vidualistic article on the dispersion of 
elastic waves in bars. The simplest case 
is the infinite bar of circular cross sec- 
tion, for which a formal solution was 
given by Pochhammer as early as 1876, 
but the complicated results have re- 
ceived quantitative study only in recent 
years. The dispersion curves for axial, 
torsional, and flexural waves consist, in 
each case, of an infinite number of 
branches. Exact solutions for cross sec- 
tions other than circular have not yet 
been found. Consequently there has 
been much interest in approximate so- 
lutions, which are discussed at some 
length in the article. Where possible, 
comparisons are made with the lowest 
branch of the Pochhammer solution, 
but no attention is drawn to the fact 
that most of the theories furnish no ap- 
proximations to the higher branches. 
The article concludes with an _inter- 
esting discussion of the complications 
introduced when the Pochhammer 
theory is enlarged to include more than 
one nodal plane through the axis of 
the bar. 

The account of the dynamical theory 
of thermoelasticity, presented by P. 
Chadwick, is as lucid and readable as 
any I have seen. A derivation of the 
field equations and the linearized con- 
stitutive relations in an isotropic body 
is followed by an extended account of 
plane harmonic thermoelastic waves in 
the manner of Biot. Lockett’s analysis 
of thermoelastic Rayleigh waves, a 
treatment of the thermoelastic Poch- 
hammer-Chree problem for an infinite 
circular cylinder, and a treatment of 
both axially and radially symmetric 
problems are presented. Following Biot, 
the author derives the constitutive re- 
lations in terms of the variables asso- 


ciated with the free energy—that is, the. 


strain (or displacement) and the tem- 
perature. It is perhaps regrettable that 
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the utility of the remaining thermo- 
dynamic functions is not exploited. For 
instance, consideration of the enthalpy 


‘leads directly to equations in the stress 


and (through the entropy) the heat flux, 
a very convenient choice in a problem 
such as that of a metallic rod driven by 
pulsed radiation incident on one end. 

The concise review of continuous dis- 
tributions of dislocations by B. A. Bilby, 
one who was most active in founding 
the theory, deals almost exclusively 
with the pertinent kinematics—that is, 
with formulation and physical inter- 
pretation of the relevant geometry. 
Since the discussion covers a wide va- 
riety of investigations, sometimes very 
briefly, it is impracticable to describe 
the contents in detail. Fundamental in 
the theory is a  non-Riemannian 
geometry, involving an asymmetric 
affine connection. The antisymmet- 
ric part of this connection describes 
the distribution of dislocations. Curves 
everywhere tangent to crystallographic 
vectors are paths in this geometry, 
paths being analogs of the straight 
lines in Euclidean geometry. With 
this geometry and conventional kine- 
matics, one can describe macroscopic 
“shape” deformation, lattice distor- 
tion, and deformation associated with 
introduction or movement of disloca- 
tions. These ideas are developed in some 
detail and correlated with disloca- 
tion theory. This approach prom- 
ises to play an important role in the 
development of the mechanics of crys- 
talline solids, and the present review 
provides a good starting point for those 
interested in learning what it entails. 

The number of significant solutions 
to three-dimensional problems in elas- 
ticity is small except where the num- 
ber of space variables can be reduced 
by conditions of axial or radial sym- 
metry. It is therefore welcome to see 
an extension to asymmetric problems 
of the powerful method of integral 
transforms associated with Sneddon. R. 
Muki discusses elastic and thermoelas- 
tic (steady state) problems associated 
with the semi-infinite solid and the thick 
plate. Specific cases include the in- 
clined rigid cylindrical punch and arbi- 
trary tangential loading on the semi-infi- 
nite solid. Both loaded areas are circu- 
lar, and Hankel transforms are used. 
Two thermal stress problems are solved 
for the thick plate with circular heated 
areas. 

Particularly noteworthy are the uni- 
formly excellent bibliographies attached 
to each article. 

I hope that succeeding volumes in 





this series will maintain the high stand- 
ard set by the first. 

I am indebted to J. L. Ericksen, Johns 
Hopkins University, for reviewing the 
article on continuous distribution of dis- 
locations and to my colleagues, R. S. 
Marvin and Martin Greenspan, who 
were kind enough to review the articles 
on viscoelasticity and thermoelasticity, 
respectively. 

J. M. FRANKLAND 

National Bureau of Standards, 
Washington, D.C. 


The American Civil Engineer. Origins 
and conflict. Daniel Hovey Calhoun. 
Technology Press and Harvard Uni- 
versity Press, Cambridge, Mass., 
1960. xiv + 295 pp. Illus. $5.50. 


This history covers the tribulations 
of the civil engineer in the United 
States from the colonial era until the 
1840’s, when “civil engineers had be- 
come a definite occupational group.” 
The author is most concerned with the 
period from 1816 (the beginning of the 
New York state canal system) through 
the depression of 1837-46; apparently 
the depression gave the engineer the 
leisure necessary to reflect on his cail- 
ing and to recognize the need for a 
professional society. 

The problem of defining his work 
was approached scientifically by the 
engineer himself as early as 1830 when 
Amos Eaton subdivided the work into 
ochetology, odology, mylology, and 
stereology! But, as Calhoun shows, the 
engineer found it difficult in practice 
to differentiate himself from capital, 
on the one hand, and labor, on the 
other. In my opinion, Calhoun’s anal- 
ysis of the “trend” of things is unduly 
complex. In essence, it seems that the 
engineer’s problem was to become a 
sufficiently numerous species to de- 
mand definition, and this was accom- 
plished, thanks to the proliferating 
transportation projects sponsored by the 
government in the early 19th century. 

All this is told at somewhat greater 
length than necessary and with an 
emphasis on socioeconomic analysis 
which effectively submerges the un- 
doubted romance of civil engineering 
in those days. But, in an area hereto- 
fore almost entirely given over to 
legend, it is refreshing to encounter a 
report so solidly based on fact and foot- 
note. 

RoBERT P. MULTHAUF 
Smithsonian Institution 
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Meetings 


Forthcoming Events 


November 


3-4. Muscle as a Tissue, conf., Philadel- 
phia, Pa. (Division of Research, Lankenau 
Hospital, Philadelphia 31) 

4-5. West-Central States Biochemical 
Conf., Lincoln, Neb. (J. H. Pazur, Dept. 
of Biochemistry and Nutrition, Univ. of 
Nebraska, Lincoln) 

4-6. Assoc. of Clinical Scientists, Wash- 
ington, D.C. (R. P. MacFate, 54 W. Hub- 
bard St., Chicago 10, Ill.) 

5. Society for Industrial and Applied 
Mathematics, Philadelphia, Pa. (G. Kas- 
key, Remington Rand Univac, 1900 W. 
Allegheny Ave., Philadelphia) 

7-10. Society of Exploration Geophys- 
icists, 30th annual intern., Galveston, Tex. 
(C. C. Campbell, Box 1536, Tulsa, Okla.) 

8-10. Forensic Sciences, 2nd symp., 
Washington, D.C. (Director, Armed 
Forces Inst. of Pathology, Washington 25) 

9-10. Use of Secondary Surfaces for 
Heat Transfer with Clean Gases, symp., 
London, England. (Secretary, Institution 


of Mechanical Engineers, 1 Birdcage 
Walk, London, S.W.1) 

9-11. Clinical Chemistry Methods, 
symp., Cleveland, Ohio. (A. Hainline, 


Cleveland Clinic, 2020 E. 93 St., Cleve- 
land 6) 

10-12. Geological Soc. of America, 
73rd conv., Denver, Colo. (H. R. Aldrich, 
GSA, 419 W. 117 St., New York 27) 

10-12. National Assoc. of Geology 


Teachers, Denver, Colo. (F. Foote, Dept. 
of Geology, Williams College, Williams- 
town, Mass.) 

10-13. Pacific Coast Fertility Soc., Las 


Vegas, Nev. (A. C. Wineberg, 3120 
Webster St., Oakland, Calif.) 
11-12. Paleontological Soc., Denver, 


Colo. (H. B. Whittington, Harvard Univ., 
Cambridge 38, Mass.) 

13-16. Society of American Foresters, 
60th annual, Washington, D.C. (H. Clap- 
per, SAF, 825 Mills Bldg., Washington 6) 

14-17. Magnetism and Magnetic Mate- 
rials, 6th annual conf., New York, N.Y. 
(L. R. Bickford, Jr., I.B.M. Research 
Center, Yorktown Heights, N.Y.) 

14-18. American Soc. of Agronomy, 
Chicago, Ill. (L. G. Monthey, 2702 Mon- 
roe St., Madison 5, Wis.) 

14-18. Nuclear Ship Propulsion, symp., 
Taormina, Sicily. (International Atomic 
Energy Agency, 11 Karntner Ring, Vienna 
1, Austria) 

15-16. Engineering Application of 
Probability and Random Function Theory, 
symp., Lafayette, Ind. (J. L. Bogdanoff, 
School of Aeronautical and Engineering 
Sciences, Purdue Univ., Lafayette) 

16-19, Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trinity 
Pl., New York 6) 

17-19. Extrapyramidal System and 
Neuroleptics, intern. symp., Montreal, 
Canada. (J.-M. Bordeleau, Dept. of Psy- 
chiatry, Univ. of Montreal, Montreal) 

17-19. Surgery of Endocrine Organs, 
symp., New York, N.Y. (Office of the 
Associate Dean, New York Univ. Post- 








Here is an exceptional opportunity 
to acquire an ideal property for re- 
search or educational use. Convenient 
Long Island location, 55 miles from 
New York. Readily accessible by 
automobile, boat or plane. 

Forty-nine well-equipped labora- 
tories, 3 pilot plants, conference 

Owners’ plan provides 





7 DEY STREET, NEW YORK 7, N.Y. 


RESEARCH CENTER FOR SALE 


Perfect condition. Immediate possession. Large industrial corporation spent 
two years converting this famous estate into a modern research and develop- 
ment facility, but is now consolidating that phase of its activities in the Middle 
West. Will sell for fraction of $5,000,000 replacement value. 





or a full commission to the 
recognized broker, payable if and when title closes. 
Detailed Information On Request 


PRESIDENT BERNARD P. DAY, REAL ESTATE COUNSELOR 


rooms, library, offices, cafeteria, mod- 
ern power plant, refrigerating and air 
conditioning equipment. Approxi- 
mately 102,000 square feet of floor 
space in two buildings. Land area 23 
acres, attractively landscaped with 
wide lawns, trees, and shrubbery. Over 
600 feet of bulkheaded river frontage. 


INC. 
DIGBY 9-2000 
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Graduate Medical School, 550 First Ave, 
New York 16) 

17-20. American Anthropological 
Assoc., Minneapolis, Minn. (B. J. Meggers, 
1530 P St., NW, Washington 5) 

17-20. Southern Thoracic Surgical 
Assoc., Nassau, Bahamas. (H. H. Seiler, 
517 Bayshore Blvd., Tampa 6, Fla.) 

18-19. American Medical Writers 
Assoc., Chicago, Ill. (H. Swanberg, 510 
Maine St., Quincy, Ill.) 

21-23. Fluid Dynamics, annual, Balti- 
more, Md. (R. J. Emrich, Div. of Fluid 
Dynamics, APS, Dept. of Physics, Lehigh 
Univ., Bethlehem, Pa.) 

24--25. American Physical Soc., Chica- 
go, Ill. (K. K. Darrow, APS, 538 W. 120 
St., New York 27) 

24-26. Central Assoc. of Science and 
Mathematics Teachers, 60th annual cony,, 
Detroit, Mich. (L. A. Conrey, School of 
Education, Univ. of Michigan, Ann Arbor) 

25-26. American Soc. of Animal Pro- 
duction, Chicago, Ill. (C. E. Terrill, 
Animal Husbandry Research Div., Agri- 
cultural Research Center, Beltsville, Md.) 

25-26. National Council for Geographic 
Education, Cincinnati, Ohio. (L. Kennd- 
mer, Univ. of Texas, Austin) 

25-16. Bahamas Medical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Laud- 
erdale, Fla.) 

27-1. Latin American Cong. of Neu- 
rology, Santiago, Chile. (R. Nunez, 
Almirante Montt 485, Dep. 11, Santiago) 

27-2. American Soc. of Mechanical 
Engineers, annual, New York, N.Y. (A. 
B. Conlin, Jr., ASME, 29 W. 39 St., New 
York 18) 

27-5. International Federation of Agri- 
cultural Producers, 11th conf., New Delhi, 
India. (IFAP, 1624 Eye St., NW, Wash- 
ington 6) 

28-1. Entomological Soc. of America, 
Atlantic City, N.J. (R. H. Nelson, 4603 
Calvert Rd., College Park, Md.) 

29-2. American Medical Assoc., Wash- 
ington, D.C. (F. Blasinggame, 1535 N. 
Dearborn St., Chicago 10, Ill.) 

30-2. Steels in Reactor Pressure Cir- 
cuits, symp., London, England. (Secre- 
tary, Iron and Steel Inst., 4 Grosvenor 
Gardens, London, S.W.1) 


December 


1-16. Commission for Climatology, 3rd 
session, London, England. (World Mete- 
orological Organization, Campagne Rigot, 
1, avenue de la Paix, Geneva, Switzerland) 

2-5. Central American Medical Conf. 
8th, Panama City. (A. Bissot, Departamen- 
to de Saud Publica, Ministerio de Trabajo, 
Prevision Social y Salud Publica, Panama) 

3-6. Visual Communications, 4th an- 
nual intern. cong., Chicago, Ill. (Visual 
Communications Cong., 10600 Puritan 
Ave., Detroit 38, Mich.) 

3-8. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, First National Bank Building, Roch- 
ester, Minn.) 

4—6. Spectroscopy, annual southern sem- 
inar, Gainesville, Va. (Annual Seminar on 
Spectroscopy, Univ. of Florida, Gaines- 
ville) 

4-7. American Inst. of Chemical Engi- 
neers, annual, Washington, D.C. (F. J. 
Van Antwerpen, AICE, 25 W. 45 St., New 
York 36) 

4-9. Radiological Soc. of North Amer- 


SCIENCE, VOL. 132 








Fol 
a 
the 
or 


wi 
cre 
tel 


J TRANSMITTANCE 


ae | 








Ave,, 
Ogical 
2gers, 


iT gical 
Seiler, 


Titers’ 
» 510 


Balti- 
Fluid 
high 


Chica- 
’, 120 


> and 
cony,, 
ol of 
\rbor) 
Pro- 
‘errill, 
Agri- 
Md.) 
raphic 
ennd- 


assau, 
Laud- 


Neu- 
Tunez, 
tiago) 
anical 
. (A. 

New 


Agri- 
Delhi, 
W ash- 


erica, 
4603 


Wash- 
5 om 


Cir- 
Secre- 
venor 


r, 3rd 
Mete- 
Rigot, 
‘land) 
onf., 
men- 
ibajo, 
lama) 
1 an- 
Visual 
iritan 


ology 
Kier- 
20ch- 


sem- 
ar on 
1ines- 


Engi- 
B. & 
New 


.mer- 











Kodak reports on: 






materials that are not blinded by hot wind...a book 
for the very fussy customer...new know-how on see-through 


for little pots or big peepholes 


If you want to make a useful little pot for putting things in 
that are to be poked with infrared or microwave radiation; 
or if you want to make an object move through the air at 
speeds like Mach 6 and need something to keep the hot 
wind out of the peephole while admitting infrared and mi- 
crowaves to steer by, you must investigate Kodak Irtran ma- 
terial or face charges of that heinous sin, ignoring the “‘state 
of the art.” 


IRTRAN-2 


%o TRANSMITTANCE 





WAVELENGTH ((j:) 


Kodak Irtran merchandise: an Irtran-] dome 
and an #/1.0 Irtran-2 molded asphere 


There are now two kinds of Irtran optical material, neither 
of them intended for wavelengths that your old dictionary 
would call “‘optical.” 

The newer, Jrtran-2, has as its point of pride the trans- 
mittance curve displayed above, combined with a remark- 
able mechanical and chemical ruggedness. Its refractive 
index is around 2.2. Note the tremendous wavelength span 
over which transmittance losses are nearly all due to reflec- 
tion. Heating to 600°C in air does nothing more than im- 
prove the transmittance—by formation of an anti-reflection 
coating. We can apply a much better coating, though, by 
evaporation. 

Irtran-1* material, the other one, needs no anti-reflection 
coating because its refractive index is only 1.38 at ly. Its big 
glory, aside from high infrared transmittance at 2 to 7ueven 
when very hot, stems from a 9.4 kme dielectric constant of 5 
and a loss tangent of 10. 


Decibel loss per meter for low-loss materials is 


where K = dielectric constant 
8.6867 
> V K tan 8 


2. = wavelength in vacuum 
tan 6 = loss tangent 

‘ 5 is the complement of the vector 
angle whose cosine the power engi- 
neer calls “power factor.” 

One untuned Iriran-1 sample .012” thick we tested in the X-band fre- 
quency range introduced an attenuation of less than 0.3db and ex- 
hibited a maximum standing wave ratio of 1.5 over the band. 





The ideal radome material would have a kilomegacycle 
dielectric constant of unity, i.e. to microwaves it would be 
the same as nothing at all. Plastics commonly used for ra- 
domes run around 2 or 3, but they don’t transmit infrared 
rays. On the other hand, there are materials that are good 
for infrared transmission but have dielectric constant 
around 13, 

Another way the Jrtran materials shine figuratively is their 
very low tendency to glow literally when hot and thus to 
*Formerly designated “Irtran AB-1.” 


This is another advertisement where Eastman Kodak Company probes at random for mutual interests 
and occasionally a little revenue from those whose work has something to do with science 
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blind themselves by swamping transmittance with emissivity. 
They survive undamaged through the conventional torture 
tests of temperature-humidity cycling for 28 days, vacuum- 
steam pressure for 2,000 cycles in saline solution, sand and 
dust blast, acids, alkalis, organic solvents, plunges from hot 
to cold, etc. 

Currently we can supply either of these polycrystalline Irtran ma- 
terials as optical elements up to 61" in diameter, among other forms. 
Let us have no jurisdictional disputes among optickers, micro- 
wavers, and infraredders as to who sends for the supporting data 


from Eastman Kodak Company, Special Products Division, Roch- 
ester 4, N. Y. 


Color fancily repackaged 


““You press the button, it does (or in an alternate version, ““we 
do’’) the rest.” It was one of the more successful slogans in 
advertising history. It made us a great deal of money. 

Millions bought the philosophy, and millions still buy it. A 

few hundred thousand don’t buy it. Them, too, we love, ad- 

mire, and respect. We have just published a fancy new book 
for them. Fancy is the word. 

This book contains more than just pages. Snuggled among 
them are an actual standard color negative and positive, two 
special slide-rule computers, and a big nomograph in color 
about color correction. One of the pages has windows fitted 
with six different color-print viewing filters. Under the title 
“Kodak Color Dataguide,” it is sold by camera shops for 
$4.95. (If you send a check to Eastman Kodak Company, 
Sales Service Division, Rochester 4, N. Y., we shall sigh at 
how people have forgotten how to walk these days and mail 
you a copy.) 

Frightening as it looks, the book contains virtually no 
photographic theory. It is a repackaging of operating in- 
structions for two basic categories of users (a better word in 
this case than “‘readers’’): 

1) The professional, be he photographer, scientist, or something in between. 
Commercial color labs in many cities do slick work in making color 
prints or transparencies from exposed film. From Kodacolor or Koda- 
chrome Film, a Kodak dealer would just as soon accept orders to 
have the work done by Kodak itself as sell a book. But when require- 


ments are too specialized to convey to labs geared for production, 
the hard way may be the better way. 


2) The dedicated amateur who might be painting in oils or water-colors if 
only he hed a better hand for it and who finds that serious color photog- 
raphy brings into play the exact combination of technology and a good 
eye that best unwinds him from workaday cares. 


In art, the best effects often come from a skillful violation of the rules. 
But the result is usually a mess unless one has first perfected himself 
in the rules. 


Cinefluorography, mid- 1960 


The literature on x-ray cinematography (or cinefluorog- 
raphy) in medicine and biology is burgeoning luxuriantly 
over the civilized globe. Somebody had better keep track of 
it, and it might as well be we. We began by issuing a bibliog- 
raphy in 1958. Already its age is showing badly. It has there- 
fore been replaced now by a mid-1960 edition, a copy of 
which can be obtained from Eastman Kodak Company, 
Medical Sales Division, Rochester 4, N. Y. We wouldn’t 
dream of accepting a cent for it. Should you, however, en- 
gage in some cinefluorography and should you happen to 
remember to check whether the film used is 
labeled “‘Kodak Cineflure,” we would 
be honored. 


Price quoted is subject to change without notice. 














The PUNGOR-type 
high-frequency 


TITRIMETER 


Operates in thé vicinity of the 150 Mc 
frequency. It can be used for the deter 
mination of acids and bases in aqueous 
and non-aqueous dissolvents. It lends it 
self to precipitation tests as encountered 
in argentometric measurement or in sul 
phate and alkaloid determination, etc 


It permits the temporal variations. of 
fluids in enclosed ampoules to be ob- 
served by watching the changes of the 
conductibility. Finally, it can be used as 
an indicator for process inside ion ex- 
changing columns. 


porter METRIMPEX 


HUNGARIAN TRADING COMPANY FOR INSTRUMENTS 
Letters: Budapest 62. P.O.B. 202. Hungary © Telegrams: INSTRUMENT BUDAPEST 
Representative: DANUBE INTERNATIONAL TRADE CORP., 151 W. 18th, New York 11, N.Y. 











MOLECULAR WEIGHT 
DETERMINATIONS 


UP TO 20,000 ‘ 
with the 


Mechrolab 


MODEL 301 


Fast, Accurate 








VAPOR PRESSURE 


Osimometer 


® operates by vapor-pressure 
lowering — aqueous and non- 
aqueous solutions 


® accurate determinations with- 
in 2 minutes 


® simple operation—no training 
needed 


Sample Size: a few tenths of a milliliter 
Temperature Control: better than 0.001° C 


Precision: temperature difference of 0.01° C, read to better than 1% 


The Model 301 Osmometer is one of a series of precision Mechrolab instru- 
ments for laboratory, industrial, and medical use. Use of advanced electronic 


and mechanical concepts insure consistent, accurate performance with a high 
degree of reliability. 


For detailed information 
contact your dealer or write: 


Mechrolab, Inc. 


1062 LINDA VISTA AVENUE 
MOUNTAIN VIEW 2, CALIFORNIA 
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ica, Cincinnati, Ohio. (D. S. Childs, 713 
E. Genesee St., Syracuse 2, N.Y.) 

5-7. American Soc. of Agricultural En- 
gineers, winter, Memphis, Tenn. (J. L, 
Butt, ASAE, 420 Main St., St. Joseph, 
Mich.) 

5-7. Electronic Industries Assoc., 3rd 
conf. on maintainability of electronic 
equipment, San Antonio, Tex. (E. B. Har- 
wood, Office of the Secretary of Defense, 
Room 3D1018, Pentagon, Washington 25) 

5-8. American Rocket Soc., 15th an- 
nual, Washington, D.C. (R. L. Hohl, ARS, 
500 Fifth Ave., New York 36) 

7-13. American Acad. of Optometry, 
San Francisco, Calif. (C. C. Koch, 1506- 
08 Foshay Tower, Minneapolis 2, Minn.) 

9-10. The Myocardium—Its Biochemis- 
try and Biophysics, New York, N.Y. (A. P. 
Fishman, New York Heart Assoc., 10 
Columbus Circle, New York 19) 

9-11. American Psychoanalytic Assoc., 
New York, N.Y. (D. Beres, 151 Central 
Park West, New York 23) 

10-11. Academy of Psychoanalysis, New 
York, N.Y. (J. H. Merin, 125 E. 65 St., 
New York 21) 

11-14. Hot Laboratory and Equipment 
Conf., 8th, San Francisco, Calif. (J. R. 
Lilienthal, Los Alamos Scientific Labora- 
tory, P.O. Box 1663, Los Alamos, N.M.) 

12-14. American Nuclear Soc. (Isotopes 
and Radiation Div.), San Francisco, Calif. 
(O. J. Du Temple, ANS, 86 E. Randolph 
St., Chicago 1, Ill.) 

12-14. Water Pollution, natl. conf., 
Washington, D.C. (Natl. Conf. on Water 
Pollution, F. A. Butrico, Office of Engi- 
neering Resources, Div. of Engineering 
Services, U.S. Public Health Service, 
Washington 25) 

12-16. Atomic Industrial Forum, conf., 
San Francisco, Calif. (D. J. Scherer, 3 E. 
54 St., New York 22) 

13-15, Eastern Joint Computer Conf., 
New York, N.Y. (E. C. Kubie, EJCC, 
Computer Usage Co., Inc., 18 E. 41 St., 
New York 17) 

19-20. Statistical Mechanics, conf., Lon- 
don, England. (Organizing Secretary, Phys- 
ical Soc., 1, Lowther Gardens, London) 

22-2. Panamerican Diabetic Congress, 
1st, British Honduras. (B. R. Hearst, Di- 
rector, Diabetic Inst. of America, 55 E. 
Washington St., Suite 1646, Chicago 2, 
Ill.) 

26-30. Inter-American Cong. of Psy- 
chology, 7th, Havana, Cuba. (G. M. Gil- 
bert, Psychology Dept., Long Island Univ., 
Brooklyn 1, N.Y.) 

27. American Astronautical Soc., Lunar 
Exploration symp., New York, N.Y. (F. F. 
Martin, AAS, 516 Fifth Ave., New York 
36) 

27-14. Bahamas Surgical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Lauder- 
dale, Fla.) 

28. Association for Education in Inter- 
national Business, St. Louis, Mo. (J. N. 
Behrman, Univ. of Delaware, Newark, 
Delaware) 

28-30. American Economic Assoc., St. 
Louis, Mo. (J. W. Bell, Northwestern 
Univ., Evanston, III.) : 

28-30. Econometric Soc., St. Louis, Mo. 
(R. Ruggles, Dept. of Economics, Yale 
Univ., New Haven, Conn.) 

28-29. Linguistic Soc. of America, an- 
nual, Hartford, Conn. (A. A. Hill, Box 
7790, University Station, Austin 12, Tex.) 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. A coupon for use in mailing inquiries 
concerning the items listed is included in the post 
card insert. Circle the department number of the 
items in which you are interested on this coupon. 


® GONIOMETER for calibration of di- 
vided circles, polygons, and angle gages, 
provides direct reading to 0.1 sec of 
arc. The bearing for the worktable car- 
ries a glass-divided circle, and the auto- 
collimating telescope unit also contains 
an optical system for determining the 
mean value of the opposite-side circle 
readings. The table may be rotated 
relative to the divided circle about an 
auxiliary center by means of a microme- 
ter spindle engaging a worm wheel. A 
second autocollimating telescope is 
mounted on a column carried by the 
base casting. (Engis Equipment Co., 
Dept. Sci830, 431 S. Dearborn St., Chi- 
cago 5, Ill.) 


™@ REGULATED POWER SUPPLY furnishes 
independent positive and negative out- 
puts, each capable of being loaded up 
to 200 ma at 100 volts. The supply 
uses a Weston cell as voltage reference. 
Accuracy and stability are said to be 
better than +0.1 percent, long term, 
for —100 volts. The +100-volt supply 
can be set to within 1 mv of the nega- 
tive supply voltage and will remain 
within 5 mv. Source impedance is less 
than 0.05 ohm and ripple and noise 
are less than 15 mv _ peak-to-peak. 
(Solartron Electronic Group, Dept. 
Sci832, Thames Ditton, Surrey, Eng- 
land) 


™ BLOOD FLOW METER for use during 
cardiopulmonary bypass is based on 
the electromagnetic induction  prin- 
ciple. The meter is a refinement of the 
manufacturer’s industrial magnetic flow 
meter. An indicator provides continu- 
ous flow indication, an integrator total- 
izes liters of blood flow during bypass, 
and a chart record permits postopera- 
tive evaluation. Standard range is 0 
to 5 lit./min. Accuracy is said to be 
+1 percent of full scale over the entire 
scale and repeatability +0.5 percent of 
full scale. The flow tube is removable 
from the meter for sterilization. (Fox- 
boro Co., Dept. Sci838, Foxboro, 
Mass. ) 


™@ SEMICONDUCTOR DEVICE TESTER will 
test transistors for breakdown voltage, 
gain over the complete dynamic range, 
voltage and current saturation charac- 
teristics, and leakage current at up to 
80 volts. Zener diodes can be tested 
for breakdown voltage, dynamic im- 
pedance at any current up to | amp, 
and drift with temperature or current. 
Rectifiers can be tested for leakage up 
to 80 volts and forward-current char- 


21 OCTOBER 1960 





NOW YOU CAN BUY 
APPROVED 

ANTON TRANSISTORIZED 
SURVEY METERS 


FOR LABORATORY OR FIELD USE 


. Anton instruments assufe accurate surveys. The Anton 700 meets the rigid 
federal OCDM Specification for CDV-700. Ranges .5, 5, 50 MR/HR. Only five 
(5) conventional flashlight (type D) batteries power its economical, rugged, 
reliable, experience-tested transistorized circuit. More than 100 continuous hours 
of life without battery change. Over 50,000 units manufactured to date by quality- 


controlled ‘line’? producing one unit per minute. New model equipped with 


easy-to-read: 314’’ meter...aural monitoring through headphone. Equipped 
with long-lived Anton halogen quenched detectors. ANTON ELECTRONIC 


LABORATORIES INC. 
5 1226 Flushing Ave., B’klyn 37, N.Y 
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ORDER NOW FOR IMMEDIATE DELIVERY... OR SEND FOR ADDITIONAL DATA. 
*FOB B’klyn. If payment accompanies order we will ship at our own expense (quantity discounts on request) 
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acteristics up to 1 amp. Tunnel-diode 
characteristics of tunneling current, 
valley current, and forward voltage 
can be determined. (PRL Corporation, 
Dept. Sci833, P.O. Box 215, East 
Brunswick, N.J.) 


™ PRESSURE BALANCE for calibration of 
pressure gages provides a_ pressure 
range from 1000 to 48,000 lb/in.’ in 
94 steps of 500 lb/in.’, or 50 to 3250 
atm in 128 steps of 25 atm. Accuracy 
is said to be 1 part in 2000. Balance 
weights are lifted mechanically by a 
series of levers that permit selection 
of any combination without stopping 
the balancing operation. (High Pres- 
sure Equipment Co., Dept. Sci843, 
1222 Linden Ave., Erie, Pa.) 


™ LEAD SULFIDE PHOTOCONDUCTORS are 
Dewar-mounted for operation from 
room temperature to —196°C. The 
detecting elements consist of chemical- 
ly deposited lead-sulfide films with re- 
sponse to 4.5 y. Specifications quoted 
are: dark resistance, 0.5 to 5 meg- 
ohm/square; time constant, 800 to 
2000 psec. A variety of Dewar designs, 
cell configurations, and immersions is 
available. All are furnished with fire- 
sealed, sapphire windows. (Infrared In- 
dustries, Inc., Dept. Sci845, P.O. Box 
42, Waltham 54, Mass.) 


™ PRECISE LINEAR SCALES are offered 
in two types. Type A, available in 150-, 
250-, and 500-mm graduated lengths, 
produced by direct ruling, is said to 
be accurate to £0.75 y. Lines are en- 
graved and etched in glass. Type B, 
available in 150- and 200-mm gradu- 
ated lengths, is produced photographi- 
cally with accuracy said to be +2.5 p. 
English graduations are also available. 
(David W. Mann Co., Dept. Sci851, 
Lincoln, Mass.) 


™ RECORDING INSTRUMENT times short- 
duration events to milliseconds even 
at slow chart speeds. Time markings 
along edge of the chart show time of 
day any event occurs while sweep of 
the recording pen across the chart dis- 
plays duration of the event. Sweep- 
time scale ranges from 1 sec to 1 hr 
are available. Standard chart speeds are 
%, 1%, 3, 6, and 12 ins/ir .and 
in./min. (R. B. Annis Co., Dept. Sci850, 
1101 N. Delaware St., Indianapolis 2, 
Ind.) 


™ COUNT-RATE AND PERIOD METER is a 
logarithmic instrument that measures 
neutron count/min over a six-decade 
range from 10 to 10° count/min. The 
output reading is available for remote 
meter and recorder connections. The 
instrument also provides continuous in- 








ducers . 


under the auspices of 





You are cordially invited to attend 


STANDARD’S 2nd PARADE 
of SCIENTIFIC INSTRUMENTS 


New Laboratory Instruments 
New Apparatus and Chemicals 
New Techniques—New Ideas 


Demonstrated and displayed by 60 of America’s Outstanding 
Instrument and Apparatus Manufacturers and Chemical Pro- 
. and featuring a symposium and lectures by eminent 
scientists and technicians on instrumentation and methods. 


GRAND BALLROOM 


HOTEL NEW YORKER 
34th Street and 8th Avenue, New York City 


Nov. 7, 1960—2 to 9 A. M. 
Noy. 8, 1960—11 A. M. to 10 P. M. 
Noy. 9, 1960—11 A. M. to 7 P. M. 


STANDARD SCIENTIFIC SUPPLY CORP. 


808 Broadway, New York 3, N. Y. 
We will gladly furnish tickets upon request 
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dication of rate of change of power 
level during reactor startup and trips 
an alarm if the reactor period is shorter 
than a. preset interval. (General Elec- 
tric Co., Dept. Sci852, Schenectady 5, 
N.Y.) 


™ X-RAY FLUORESCENCE SPECTROMETER 
uses an evacuated chamber so that all 
elements of atomic number above 11 
can be analyzed without use of helium 
atmosphere. Simultaneous analysis of 
the elements is said to be obtained in 
about 2 min. Dual sample handling 


facilities permit sample interchange 
without breaking vacuum. (Applied 
Research Laboratory, Dept. Sci853, 


P.O. Box 1710, Glendale 5, Calif.) 


™ PRESSURE REFERENCE CELL consists 
of a pressure storage chamber, a dia- 
phragm, and a sensitive switch. The 
cell detects equality between an un- 
known pressure and the _ reference 
pressure. Stored pressure ranges from 
0.2 to 200 in.-Hg. Cells can be 
furnished sealed at a_ given pres- 
sure or unsealed. Temperature de- 
pendence is about 0.35 percent/°C and 
the units must be operated in an ice 
bath for best performance according 
to the manufacturer. Precision is said 
to be +(0.001 in.-Hg. + 0.003 percent 
of calibrated value). Multiple gage 
calibration is accomplished by mani- 
folding a series of cells and the gages 
to be calibrated. (Rosemount Engi- 
neering Co., Dept. Sci854, 4900 W. 78 
St., Minneapolis, Minn.) 


™ SIGNAL GENERATOR covers the fre- 
quency range.1 cy to 1 Mcy/sec. Dis- 
tortion is said to be 0.2 percent. An 
output meter and attenuator permit 
output amplitude to be set to desired 
value. (Southwestern Industrial Elec- 
tronics Co., Dept. Sci839, 10201 West- 
heimer Rd., Houston 27, Tex.) 


™@ DECADE RING COUNTER consists of ten 
magnetic storage elements connected 
as a ring counter. Pulses furnished to 
an input terminal are stored by shift- 
ing them along from position to posi- 
tion in the forward mode of operation. 
Upon receipt of a command signal on 
a separate “reverse” line, counts are 
subtracted instead of being added. Dec- 
ades may ve cascaded. Counting rates 
up to 10°/sec are accommodated. Re- 
versal time is 10 psec. (Magnetics Re- 
search Co., Dept. Sci855, 255 Grove 
St., White Plains, N.Y.) 


™ TIME ANALYZER is an electronic in- 
strument that resolves a time span 
into up to 40 consecutive intervals and 
analyzes input events in terms of the 
number of occurrences within each 
interval. Duration of the intervals is 
variable over a wide range. Connec- 
tion to an appropriate recorder pro- 
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+250° 





—70° 


IN THE LAB-- 
use TIME TAPE for best results! 


BUURROCERURUIGROR (ORGEEE 


Proven superior by actual use. Here is the 
toughest, most durable pressure-sensitive 
tape available. WRITE ON IT! TYPE ON IT! 
Acid, water, dirt, grease or heat don’t 
affect it! Withstands temperatures from 
+250° to —70°! A variety of colors avail- 
able in plain or pre-printed to your specs. 
Numbers, identification, warning and many 
other time-saving uses can cut costs and in- 
crease efficiency. 








For samples and prices 
write to — Dept. RSL 


PROFESSIONAL TAPE CO., INC. 
355 Burlington Ave. Riverside, Ill. 
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| Putrescine-2,3-H* Dihydrochloride 
| $175/5 millicuries 


Specific activity: 
125 millicuries per millimole 
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new england corp. 





75 ALBANY STREET BOSTON berty 2.5964 









Ultraviolet and visible wavelengths. 
Finest optical performance available. 
Standard sizes 1” x 1” and 2” x 2” — 
other sizes and shapes on special order. 
Write for brochure X-22. 
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GLASS ABSORPTION 
CELLS =") «(KLETT 











SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 











Klett Manufacturing Co. 
179 East 87 Street, New York, New York 





—— LIFE SCIENCE SERIES —— 


New Significant Titles 


\N 
MYCOLOGY 


Consulting Editor: George B. Cummins 


@ Illustrated Genera of Imperfect Fungi 
by Barnett, $4.50 
@ Illustrated Genera of Rust Fungi 
by Cummins, $4.50 
@ Illustrated Genera of Wood Decay 
Fungi 
by Fergus, $4.00 


BIOCHEMISTRY - MICROBIOLOGY 


Consulting Editors: Robert H. Burris and 
Herman C. Lichstein 
@ Principles of Radioisotope 
Methodology 
by Chase, $6.00 
@ Elementary Biochemistry 
by Mertz, cloth bound $6.50, 
spiral bound $5.50 
Nucleic Acid Outlines, Vol. 1 
by Potter, $5.00 
Behavior of Enzyme Systems 
by Reiner, $6.50 
Metabolic Maps, Vol. II 
by Umbreit, $5.50 
Manometric Techniques 
by Umbreit-Burris-Stauffer, $6.50 
Symposium: Latency and Masking in 
Viral and Rickettsial Infections 
by Walter-Hanson-Evans, $4.75 


order from 
BURGESS PUBLISHING COMPANY 




















Dept. $1060, 426 S. 6th St., Minneapolis 15, Minn. 








Narrow Band Interference Filters 


MADE BY 


JENAer Glaswerk Schott & Gen. 


WEST GERMANY 
For the spectral region from 300 to 2,000 mu 
Transmission up to 60%. Half-value width down to 5 mu. 
Tolerance at peak wave length: 


£1% for regular quality . . . +0.5% for precision quality. 
—0 
AVAILABLE AS 
Line Filters e Line Double Filters e Band Filters 


Band Double Filters © Wedge Filters @ Broad Band Filters 
t%o 
30 
20 


0,1 


0,01 
0,001 





400 500 600 700 mM pL 
BAND DOUBLE FILTER 
: Tmax abt. 30%. Half width abt. 16 mu. 
Ratios: Tenth width to half width 1.5, Hundreth width to half 
width 2, Thousandth width to half width 3.5. 
‘ Write for further information 
Fish-Schurman Corp., 74 Portman Road, New Rochelle, N.Y. 
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What could be simpler or cleaner? 
Just lift the seat to the desired 
height. No dirty knobs, wheels 
or tools to handle. The Ajustrite 
patented adjusting mechanism is 
the reason hundreds of thousands 
of Ajustrite Chairs and Stools 
are in service today. It’s the 
oldest, the simplest, the fastest. 
And the most  trouble-free— 
that’s why we guarantee it for 
10 years! 
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vides a distribution of events in time. 
A total-events counter is also provided. 
Accuracy depends on the time standard 
used, either line frequency or external 
generator. (Grason-Stadler Co., Dept. 
Sci846, West Concord, Mass. ) 


# PULSE GENERATOR produces positive 
or negative pulses of amplitude up to 
20 volts. Line changes between 90 and 
125 volts change output amplitude less 
than 0.04 percent. Two pulse shapes 
are provided, one with 10 mysec rise 
and 250 psec decay, the other with 
0.25 psec rise and 2 psec decay. Line- 
arity is 0.1 percent. Voltage ranges 
from 0 to 20, 0 to 10, 0 to 1, 0 to 0.1 
and 0.01 can be divided into 1000 
increments by means of a ten-turn pre- 


™ CARDIAC PHONOCATHETERS are avail- 
able in two models. Model 191 is a 
single-lumen phonocatheter, 150 cm 


. long and 2 mm in diameter, for acous- 


tical pickup only. Model 192 is a 
double-lumen catheter, 150 cm _ long 
and 3 mm in diameter, for acoustical 
and pressure pickup and for fluid sam- 
ples. Base diameter of the sample 
lumen is approximately 1 mm. A self- 
powered preamplifier that will feed 
standard electrocardiographic equip- 
ment is available for use with the 
catheters. (American Electronic Lab- 
oratories, Dept. Sci857, 121 N. 7 St., 
Philadelphia 6, Pa.) 





™ X-RAY SOURCE uses an active element, 
Sr°/Y”, distributed in a matrix of 
target material to maximize x-ray pro- 
duction in the desired range. The unit 
is in the form of a stainless-steel cap- 
sule doubly sealed by shielded arc 
welding. X-rays produced are in the 
100-kv range. (U.S. Nuclear Corp., 
Dept. Sci865, P.O. Box 208, Burbank, 
Calif.) 


™ TRANSFER-FUNCTION ANALYZER per- 
mits plotting of transfer characteristics 
of a control system with a conventional 
X-Y recorder. By turning the dial of 
the instrument, continuous plotting of 





cision potentiometer. (Interstate Elec- | 


tronics Corp., Dept. Sci847, 707 E. 
Vermont Ave., Anaheim, Calif.) 


— VIBRATING-REED CAPACITANCE MODU- 
LATOR is said to permit measurement of 
currents as low as 10° amp. The vi- 
brating plate is driven by an alternating 
magnetic field. Drift is said to be with- 
in +0.2 mv/day. Models are available 
with quartz or with ceramic insulation 
and with 500 or 120 cy/sec drive fre- 
quency. (Stevens-Arnold Inc., Dept. 
Sci844, 7 Elkins St., South Boston 27, 
Mass. ) 


® NOISE SOURCE furnishes output fre- 
quencies over the range 30 cy to 300 
kcy/sec with uniformity to =2 db when 
used with the proper amplifier circuits. 
No a-c power is used. Output voltage 
is © to 10 mv r.m.s. into a 1000-ohm 
load. The device is transistorized; its 
dimensions are 1% in. square by 3 in. 
(Raytheon Co., Dept. Sci848, 55 Chap- 
el St., Newton, Mass.) 


™ DOUBLE SCALER provides two scales 
of 10‘ each followed by a four-digit 
electrically reset register. The two sec- 
tions may be operated individually or 
simultaneously. Resolving time is said 
to be 0.8 psec. Provision is made for 
remote control of count and reset 
operations. (Radiation Instrument De- 
velopment Laboratory, Dept. Sci856, 
61 E. North Ave., Northlake, Ill.) 


™ VELOCITY SERVO accepts d-c signals 
varying between £10 volts and drives 
a potentiometer so that speed is directly 
proportional to the d-c signal. The 
device contains a solid-state amplifier, 
a servo motor, a gear train, and a po- 
tentiometer-switch combination. The 
potentiometer has four electrically iso- 
lated wipers spaced 90 deg apart and 
the switch has four wipers riding on 
an alternately conducting and noncon- 
ducting surface. Dimensions are 1% 
by 1% by 3 in. (Spectrol Electronics 
Corp., Dept. Sci862, 1704 S. Del Mar 
Ave., San Gabriel, Calif.) 
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CALF SERUM 


Anespecially processed serum 
containing exceedingly high 
content of alpha globulin (37 
to 40% of the total protein 
content) and 7 to 10% beta 
globulin. Gamma globulin 
chemically removed by frac- 
tionation technics. Carefully 
processed to preserve all other 
proteins and growth compo- 
nents. Every lot biologically 
tested and rigidly assayed by 
moving boundary electro- 
phoresis before release. Non- 
toxic. Recommended as a 
replacement for Fetal Calf 
Serum in many tissue culture 
procedures, including prep- 
aration of Puck’s media. 

Supplied as ready-to-use 
liquid (sterile) or stable, 
freeze-dried powder (non- 
sterile). Liquid product avail- 
able in 100 cc size. Dried 
product supplied in 7 gm size 
(equivalent to 100 cc finished 


serum) or 42 gm size (equiv- 
alent to 600 cc finished serum). 


Hyland’s rapidly expanding 
tissue culture line now in- 
cludes the following compo- 
nents for use in Puck’s media: 
Puck’s Medium N16 (with- 
out ]-glutamine), 100 cc 
Puck’s Saline F, 100 cc 
NCTC 109 Medium, 100 cc 
and Fetal Calf Serum, Liquid, 
30 cc and 100 cc. 





Comments continue to be re- 
ceived on the high quality of 
Hyland’s regular Calf Serum. 
It has unusually high content 
of alpha globulin (28 to 29% 
of the total protein content). 
Alpha globulin contains the 
fetuin component, which is 
required for growth, and in 
its presence most cells adhere 
to glass and assume a flattened 
appearance. Hyland Calf 
Serum is supplied in either 
liquid or freeze-dried form, in 
30 cc and 100 cc sizes. 


Write toda fora listing of 
the complete Hyland Tissue 
Culture line. In addition to 
the products already men- 
tioned, we offer a wide selec- 
tion of liquid and dried 
products in a practical variety 
of sizes. Our line embraces 
Serums and Serous Fluids, 
Embryo Extracts and Ultra- 
filtrates, Balanced Salt Solu- 
tions, Synthetic Media and 
special formulations. 

The Hyland Tissue Culture 
Laboratory is always at your 
service and welcomes your 
inquiries about special form- 
ulas or products you would 
like added to our line. 


HYLAND LABORATORIES 


4501 Colorado Blvd., 
Los Angeles 39, 
ifornia 
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Reference 
Sheets on 


Selectacel 


TON EXCHANGE 
 CELLULOSES 


for use in 
chromatographic columns 





New Selectacel Ion Exchange Cellu- 
loses have remarkable properties 
when used with ionic and colloidal 
materials of high molecular weight. 


Such applications include — 
| @ ENZYMES 


© LIPIDS 
© PROTEINS @ NUCLEIC 
@ HORMONES ACIDS 


These materials produce separations 
that far exceed what usually can be 
accomplished alone by ion exchange 
resins, chromatography, electro- 
chromatography, or electrophoresis, 


There are several kinds of 
Selectacel jon Exchange Celluloses: 


ANION EXCHANGERS 


Type Grade Capacity 

DEAE Standard | ™eq/e 

(Diethyl- 20 0.9 
aminoethyl 40 


Cellulose) 
Separation and purification of proteins, 


peptides, enzymes, hormones and re- 
lated materials. 


Type Grade Capacity 
ECTEOLA | Standard | ™ea/e 
(Epichlorohydrin 20 0.3 
triethanolamine) 40 


Separation and purification of viruses. 


CATION EXCHANGERS 


Type Grade Capacity 
CM Standard meq/g 
(Carboxymethy! 20 0.7 
Cellulose) 40 


Weakly acidic—most effective at pH’s 
slightly above 4. 








Type Grade Capacity 
Pp Standard meq/g 
(Cellulose 0.9 


Phosphate) 
Bifunctional — containing both strongly 
acidic and weakly acidic groups. Rela- 
tively high exchange capacities. 


Send for these new free 
Selectacel Reference 
Sheets today — no obli- 
gation of course. 





Carl Schleicher & Schuell Co. 
Keene, New Hampshire 


Department S-10 
Send FREE Selectacel Reference Sheets. 
NAME. 
COMPANY. 
ADDRESS. 
CITY. STATE__. 
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Nyquist diagram can be achieved from 
0.3 cy to 3 kcy/sec in type 308A and 
from 30 cy to 300 kcy/sec in type 
308B. Both the in-phase and the 
quadrature components of an unknown 
signal, either servo frequency or modu- 
lated carrier, are indicated simultane- 
ously by two center-zero meters. In- 
put impedance is 3 megohms shunted 
with 20 pf. Sensitivity is 0.3 volt r.m.s. 
full scale. Accuracy is said to be +3 
percent of full scale. Output signal for 
the recorder is +0.25 volt maximum. 
(Ad-Yu Electronics Lab., Dept. Sci858, 
249-259 Terhune Ave., Passaic, N.J.) 


™ PULSE POWER CALIBRATOR for the 
X-band covers the frequency range 
8500 to 9600 Mcy/sec. Power is meas- 
ured above the level of 0.5 mw with 
accuracy said to be +0.5 db. A ref- 
erence level is established each time 
the equipment is used and power is 
read directly. (General Communica- 
tion Co., Dept. Sci841, 667 Beacon St., 
Boston 15, Mass.) 


™ DIFFERENTIAL VACUUM-TUBE VOLT- 
METER is said to be capable of +1 
percent accuracy throughout the scale. 
Full-scale ranges of the -center-zero 
instrument are +0.3, 1.0, 3.0, 10, 30, 
and 100 volts d-c. Input impedance is 
20 megohms for single input and 40 
megohms for differential input. The 
instrument can also be used as a 
cathode follower with open circuit 
gain of 0.85 and output impedance 
1000 ohms. (Decker Corp., Dept. Sci- 
859, 45 Monument Rd., Bala-Cynwyd, 
Pa.) 


™ ABSORBERS FOR MOSSBAUER EFFECT, 
specifically for the 14-kv photon from 
Fe”, consist of a metallic iron film, 
2 to 4 mg/cm’ thick, enriched approx- 
imately 78 percent in stable Fe”, 
electrodeposited on one side of a beryl- 
lium disk 1 to 3 in. in diameter and 
0.02 to 0.03 in. thick. An acrylic coat- 
ing protects the iron film from oxida- 
tion. Dimensions and enrichment can 
be varied to individual requirements. 
(Nuclear Metals, Inc., Dept. Sci861, 
Concord, Mass.) 


™ STEREOSCOPIC TELEVISION SYSTEM 
consists of two closed-circuit television 
cameras, two monitors, two camera 
control units, and a polarized optical 
system. The optical system presents the 
overlapping images from each camera 
on a single viewing plane with one 
image polarized horizontally and the 
other polarized vertically. Observation 
through glasses or a viewing hood pro- 
vides three-dimensional picture presen- 
tation. The standard system employs 
14-in. monitors but other sizes from 
8 to 27 in. can be supplied. (Cohu 
Electronics, Inc., Dept. Sci867, 5725 
Kearny Villa Rd., San Diego 11, Calif.) 














New Pergamon Books 


THE RELAY PROTECTION 
OF HIGH VOLTAGE 
NETWORKS 


G. |. Atabekov 

This is a theoretical monograph cov- 
ering electrical protective gear. It is 
an exposition of the methods of the- 
oretical analysis, which will enable 
the reader to apply and develop these 
methods by himself in practice, and 
is the essence of a lifetime’s study in 
this field. Two adjacent disciplines are 
combined in this work—namely, the 
technique of relay protection and the 
theory of the calculation of short cir- 
cuits—which are treated separately. 
A unique work, invaluable to western 
scientists. 564pp $14.00 


MECHANICAL WAVE 
GUIDES 


M. R. Redwood 

The author’s aim is to present a 
thorough theoretical treatment of the 
fundamental physics describing the 
propagation of mechanical waves in 
solid cylinders and plates. Such an 
account is not available in the scien- 
tific literature at present; on the con- 
trary much confusion exists and 
many of the most recently published 
papers only add to that confusion. 
250pp. $9 


ADVANCES IN VACUUM 
SCIENCE AND 
TECHNOLOGY 


Proceedings of the First 

International Congress on Vacuum 
Techniques, Namur, Belgium 

Edited by E. Thomas 

VOL. 1. FUNDAMENTAL PROBLEMS IN 
VACUUM TECHNIQUES: ULTRA-HIGH 
VACUUM 

VOL. 2. VACUUM SYSTEMS APPLICA- 
TIONS IN VARIOUS SCIENCES AND TECH- 
NIQUES. 

The authoritative proceedings, which 
form a valuable record of the 156 
papers presented by specialists of 
world-renown on a wide range of sub- 
jects in the field. 824pp. Set, $30.00 
PROBLEMS OF LOW TEMPERATURE 
PHYSICS AND THERMODYNAMICS 
The proceedings of the meeting held 
at Delft, of Commission 1 of the In- 
ternational Institute of Refrigeration, 
at which 48 papers were presented. 
The general subjects covered were: 
Cryogenic apparatus, thermometry, 
the disturbed crystal lattice, transport 
phenomena in liquids and itso 


; 11.50 
MILLIMICROSECOND 
PULSE TECHNIQUES (Second 
Revised Edition) 


International Series of Monographs 

on Electronics and Instrumentation 

. A. D. Lewis and F. H. Wells 

The book is devoted to a considera- 
tion of basic circuit elements and 
pieces of equipment of universal ap- 
plication. Details of specific applica- 
tions, mostly in the field of nuclear 
physics instrumentation, are also 
given. 417pp. $8.50 

catalog sent on request 


PERGAMON PRESS 
122 East 55th St. 
New York 22, N. Y. 
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= ELECTRONIC VOLTMETER features ac- 
curacy said to be +1 percent of meas- 
ured value from 1 mv to 250 volts and 
from 20 cy to 20 kcy/sec. Accuracy. 
over the wider range to 1000 volts and 
from 10 cy to 250 kcy/sec is said to 
be +2 percent. Indication is loga- 
rithmic. Input impedance is 2 megohms 
shunted by 15 pf, except on the lowest 
scale, when the shunting capacitance is 
25 pf. (Ballantine Laboratories, Dept. 
Sci863, Boonton, N.J.) 


™@ PAPER-TAPE TO MAGNETIC-TAPE CON- 
VERTER operates at a speed of 150 
characters per . second. Components 
are a photoelectric reader and a mag- 
netic-tape writing unit. Input tape may 
be 11/16, 7/8, or 1 in. wide. Paper 





tape codes whose information content | 


does not exceed six bits per character 
position may be converted. Output is 
7+track, 200-character-per-inch mag- 
netic tape. (International Business Ma- 
chines Corp., Dept. Sci864, 112 E. 
Post Rd., White Plains, N.Y.) 


® RECORDER of potentiometer type has 
full-scale sensitivity of 1.0 mv and re- 


sponse time less than 0.6 sec for full | 


travel of chart 9.5 in. wide. 
speeds 4%, 1, 2, 4, or 8 in./min are 
selected by gear-shift levers, and a 
switch changes set speed from inches 
per minute to inches per hour. Elec- 
trical zero can be set anywhere on the 


Chart | 


chart. (Fisher Scientific Co., Dept. Sci | 


868, 711 Forbes Ave., Pittsburgh, Pa.) 


® AEROSOL-PARTICLE COUNTER detects 


particles in a suitably defined stream | 
by light scattering. Scattered light from | 


individual particles is detected by a 
multiplier phototube whose pulse out- 
put is sent to a pulse-height analyzer. 
The pulse signals are analyzed into 15 


channels. Particle count in each chan- | 
indicated visually on decade | 


nel is 
counters. The channels may be ex- 
amined for 0.3-, 1-, 3-, or 10-min inter- 
vals with automatic scan cycle in all 
channels. Any of the channels may be 
included or excluded. (Royco Instru- 
ments, Dept. Sci869, 365 San Antonio 
Rd., Mountain View, Calif.) 


® DIGITAL CLOCKS indicate time to 23 
hr, 59 min, 59 sec. Twelve-hour clocks 
are also available. Two modes of opera- 
tion are provided. In one, external 
equipment, such as digital counters, 
controls the print rate, time being 
printed simultaneously with other data. 
In the second mode, the digital clocks 
control the timing of readings. Select- 
able rates are 1 reading per second, 6 
or 1 reading per minute, or 6 or 1 
reading per hour. (Hewlett-Packard 
Co., Dept. Sci866, Palo Alto, Calif.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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Lourdes 


re 
VAXCUTUE 





SUPERSPEED 
REFRIGERATED 


® 


with exclusive 


SLANT-O-MATIC KEYBOARD 


The most versatile, superspeed 
vacuum centrifuge ever offered. 
Accommodates six interchangeable 
rotors. Designed for large or small 
volume, high or low force centri- 
fugation. New patented refrigera- 
tion design and other exclusive 


MAIL COUPON TODAY 





Please send me VACU-FUGE Bulletin VA-2 


Name 


¢ 1500 mi. 
¢ 3300 mil. 


CONTROLLED TEMPERATURES 


VACU-FUGE 



















































to SPIN 
at 60,000xG 
at 33,000xG 


with AUTOMATICALLY 


down to -20°C 


Also spins 


800 mi. at 61,500xG 


e@ Temperature range 
—20°C to 40°C 

e Patented “Roto-Air” 
refrigeration system 

@ 1-HP Universal motor 

@ High-Vacuum pump— 
evacuates chamber in 
only two minutes 


e 800 mi. (16 x 50 mi.) 
at 61,500 x G 


@ Slant-O-Matic control 
panel 


e Fully Automated with 
push-button operation 

e Electro-dynamic brake 

e Automatic self- 
centering drive 


e Exclusive Flex-O-Matic 
rotor support system 


e@ One year warranty 


* Vacu-Fuge ...a coined 
name by Lourdes Instrument 
Corp., denoting superspeed 
centrifuges operating under 
vacuum, 


features give performance that far 
exceeds anything previously avail- 
able. Write today for Bulletin VA-2. 


VA-2 speeds your work safely and 
dependably. Built for years of 
rugged service. 


Dept. SC-10A 





Title 








Activity 





CHOOSE LOURDES 


Address 








City 


Zone State 





ee 
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: 
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The “FINGERPRINT” Apparatus 


Consisting of 


Large Tank High Voltage 
Paper Electrophoresis Power Supply 


Lt 

















® Output Voltage 0-2000 Volts DC continuous- 
ly variable 
; . . ® Output Current 150 milliamperes 
® Internal radiator for circulating cold water ®@ 2 DC Meters 0-2000 V. and 0-150 ma 
© Includes 2 platinum electrodes @ Output Termination 3 voltage ouputs available 
® Baffle plates prevent bubbling under paper from front of unit—positive 
® Safety switches to turn off power when cover is and negative terminals . . . 
removed each output individually 
® Dimensions: 24” L, 17” H, 12” W. monitored for current. 
also available . . . Nuclear Accessories Catalog 
SERVONUCLEAR CORP. 
28-21 Astoria Blvd. YE. 2-3353 Long Island City 2, N.Y. 




















Ten years from now youll be glad you bought Graf- Apoco 
THE ORIGINAL “SAFETY FEATURE” MICROSCOPE 


SHIPPED ON TWO WEEKS APPROVAL : GRAF 


If you do not agree that Graf-Apsco 

microscopes represent the greatest & 

value and highest quality APS O 
RETURN AT OUR EXPENSE— 

NO. OBLIGATION 

EXACTLY the same OBJECTIVES on all 
models 

EXACTLY the same FINE ADJUSTMENT 
on all models 

EXACTLY the same STAND on all models 

EXACTLY the same NOSE PIECE and HIGH 
QUALITY WORKMANSHIP on all 
models 

We have only ONE quality — the 
HIGHEST on ALL Graf-Apsco 

Microscopes. 


Write for our complete catalog show- 
ing all Graf-Apsco models as well as 
popular ZEISS microscopes, and 
MAGNIFIERS 
DISECTING INSTRUMENTS 
MICRO SLIDES — COVER GLASSES 
INSECT PINS 


Microscope Repair Service 


CHICAGO U.S.A. 





For Bacteriology and Medicine For General Biology 


Model OKMS THE GRAF-APSCO CO. $105.30 each. 


$231.30 each. 5868 BROADWAY Rh dee Piotr 














in quantities of 5 or more 


caer aii thee tin CHICAGO 40, ILL. $117 each, list price | 
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DIRECTORY OF ADVERTISED PRODUCTS 


Classified in the following pages are the products advertised in Science in the issues from 2 October 1959 through 
7 October 1960. This list is intended to aid laboratory workers in finding the manufacturers of all types of laboratory 
equipment and supplies. On page 1202 there is a list of companies that advertised in “The Market Place” section during 
the period 2 October 1959 through 7 October 1960. An index of advertisers in this issue appears on page 1204. 


ABSORPTION CELLS 


Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1960: 4 Mar., 628; 15 Apr., 1068; 29 
July, 305 
Klett Manufacturing Co. 

1959: 2 Oct., 867; 9 Oct., 931; 16 Oct., 
988; 30 Oct., 1202; 6 Nov., 1269; 13 Nov., 
1347; 27 Nov., 1486; 11 Dec., 1665 

1960: 8 Jan.,. 115;.15 Jan, 165; 22 
Jan., 243; 5 Feb., 368; 12 Feb., 425; 19 
Feb., 545; 26 Feb., 618; 4 Mar., 676; 18 
Mar., 843; 1 Apr., 997; 29 Apr., 1325; 
13 May, 1452; 20 May, 1552; 27 May, 
1626; 10 June, 1746; 24 June, 1896; 1 
July, 47; 15 July, 159; 22 July, 254; 29 
July, 305; 5 Aug., 369; 19 Aug., 477; 9 
Sept., 686; 16 Sept., 747; 23 Sept., 850; 30 
Sept., 905 


ACCELERATORS, VAN DE GRAFF 


High Voltage Engineering Corp. 
1960: 29 Apr., 1284; 20 May, 1490 


AIR POLLUTION DETECTION UNIT 


Central Scientific Co. 
1960: 9 Sept., 684 


AMPLIFIERS 


American Electronic Laboratories, Inc. 
1959: 4 Dec., 1581 
1960: 22 Jan., 233; 18 Mar., 778; 22 
Apr., 1226 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 
1960: 9 Sept., 683 
Sanborn Co., Medical Div. 
1960: 5 Feb., 371 
Radiation Instrument Development 
Laboratory, Inc, 
1960: 23 Sept., 847 
Technical Associates 
1960: 22 July, 247 


ANALYZERS 


Beckman Instruments, Inc., Scientific and | 


Process Instruments Div. 
1959: 6 Nov., 1212 
1960: 1 Jan., 4; 19 Feb., 453; 18 Mar., 
785; 20 May, 1471 
Central Scientific Co. 
1960: 27 May, 1626; 7 Oct., 973 
Coleman Instruments, Inc. 
1960: 19 Feb., 462; 18 Mar., 765; 29 
Apr., 1281; 23 Sept., 766 
Fisher Scientific Co. 
1959: 13 Nov., 1350 
Harvard Apparatus Co., Inc. 
1959: 4 Dec., 1605 
Packard Instrument Co., Inc. 
1959: 23 Oct., 1041; 11 Dec., 1628 
1960: 22 Jan., 196; 19 Feb., 478 
Philips Electronics, Inc. 
1959: 9 Oct., 884 
Scientific Glass Apparatus Co., Inc. 
1960:.24 June, 1895 


21 OCTOBER 1960 


ANALYZERS, PULSE HEIGHT 


Picker X-Ray Corp. 

1960: 22 Apr., 1151; 15 July, 107; 23 
Sept., 775 
Radiation Instrument Development Labo- 
ratory, Inc. 

1960: 19 Feb., 473; 23 Sept., 847; 7 Oct., 
964 
Technical Associates 

1960: 18 Mar., 865; 20 May, 1563; 22 
July, 247 
Technical Measurement Corp. 

1959: 9 Oct., 894; 23 Oct., 
Nov., 1380; 4 Dec., 1532 

1960: 8 Jan., 70; 4 Mar., 632; 
1162; 17 June, 1778; 15 July, 
Aug., 516; 7 Oct., 922 
Victoreen Instrument Co. 

1960: 17 June, 1755 


1048; 20 


22 Apr., 
112; 26 


ANIMALS, EXPERIMENTAL 


Charlies River Breeding Laboratories, 
Inc. 

1960: 7 Oct., 973, 974 
Colorado Serum Co. 

1959: 23 Oct., 1132; 13 Nov., 1363; 4 
Dec., 1597 

1960: 15 Jan., 165; 19 Feb., 537; 18 
Mar., 857; 22 Apr., 1226; 9 Sept., 681 


AUTOCLAVES 


American Sterilizer Co. 
1960: 19 Feb., 443 
Wilmot Castle Co. 
1960: 22 Apr., 1134; 17 June, 1762 


BALANCES, ANALYTICAL 


Brinkmann Instruments, Inc. 
1959: 23 Oct., 1141 
1960: 16 Sept., 751; 23 Sept., 770; 30 
Sept., 905; 7 Oct., 917 
Central Scientific Co. 
1960: 22 Jan., 232; 29 Apr., 1325; 19 
Aug., 489; 9 Sept., 680 
Exact Weight Scale Co. 
1959: 23 Oct., 1111 
1960: 19 Feb., 535; 18 Mar., 841; 22 
Apr., 1233; 17 June, 1817; 26 Aug., 566 
Harshaw Chemical Co. 
1960: 29 Apr., 1326; 8 July, 96; 16 
Sept., 746 
Mettler Instrument Corp. 
1959: 23 Oct., 1022; 4 Dec., 1586 
1960: 19 Feb., 456; 18 Mar., 779; 20 
May, 1484; 23 Sept., 776 
Microtech Services Co. 
1959: 2 Oct., 872 
New York Laboratory Supply Co., Inc. 
1960: 22 Apr., 1241 








| 
NEW BERS sc 



















(a 





Flame range—hard glass, 3mm , 
to 45mm. Operates on low “i 

pressure city gas—natural, mixed, 
propane, hydrogen. For hard glass 
(Borosilicate), quartz, silver soldering. 





Price 
$35.00 





@ At your laboratory dealer 


or write: 





BETHLEHEM 


HAND TORCH 


Hotter and lighter than conventional 
hand torches, the surface-mixing SHARP 


FLAME has phenomenal range— 
from tiny flame to a wide, long 
fire. One tip for all flame sizes— 
can be rotated—silent burning. 
Won't blow out—can’t even be 
shaken out—and can’t flash 
back. Overall length 
11’ —weight 7/2 oz. 





Cut-away shows how gas 
and oxygen are separated up 
to burner face, producing 
flame performance impossi- 
ble with premixed fuels. (Not 
illustrated, but also avail- 
able: hand torch holder— 









Apparatus Company, Inc. 


HELLERTOWN, PENNSYLVANIA 


insert and remove with a 
twist of the wrist.) 








Books on Science from 
Philosophical Library 


ANALOGUE AND DIGITAL COMPUTERS 
by A.C.D. Haley and W.E. Scott. This basic sur- 
vey for electrical engineers covers number repre- 
sentation, circuit elements, input and _ output 
equipment, programming and machines. " 
Illustrated. $15.00 


MODERN ELECTRONIC COMPONENTS 
by G.W.A. Dummer. A comprehensive summary of 
the characteristics of the more commonly used 
electronic components and their behavior under 
normal stress conditions. 


ELECTRONIC BUSINESS MACHINES 


Edited by J.H. Leveson. Experts in design, in- 
stallation and application discuss the practical 
aspects of these machines, including descriptions 
of latest equipment, punched cards and po ne 
5, 


ELECTRONIC COMPUTERS: Revised Edition 
by T.E. Ivall, Extensively revised, the emphasis is 
on digital and analogue computers, their circuitry, 
construction and application, with special emphasis 


on automation and control systems. $12.00 
DICTIONARY OF AERONAUTICAL 
ENGINEERING 


by J.L. Nayler. Defines the latest terminology in 
aerodynamics, aero engines, electrical and _ elec- 
tronic engineering, helicopters, jets, propellents, 
rockets and V.T.O.L, aircraft, Ulustrated. $10.00 


AEROSPACE DICTIONARY 
by Frank Gaynor. Introduction by Wernher von 
Braun. Up-to-the-minute information on the many 
phases of rocketry and _ astronautics. Includes all 
abbreviations for missiles and_ various vehicles, 
plus descriptions of U.S. and U.S.S.R. ota’ 
56.00 


THE UPPER ATMOSPHERE 
by H.S.W. Massey and R.L.F. Boyd. An authorita- 
tive account of the phenomena studied during the 
Intornational Geophysical Year, including aurorae, 
cosmic rays, meteors, ionization, radio absorption, 
epecnerapine devices and balloons, 27 plates; line 
drawings; index. $17.50 


CLASSICS IN SCIENCE 
Edited by E.N. da C. Andrade. A cohesive pres- 
entation of scientific ideas from the writings of 
Aristotle, Newton, Lavoisier, Darwin and many 
others. $6.00 


CLASSICS IN BIOLOGY 
Edited by Sir S. Zuckerman. Concerned with the 
process of evolution, this volume presents writings 
by Huxley, Pasteur, Darwin, Mendel, Lister, 
Fleming and others. Biographical notes, glossary 
and index, $6.00 
DICTIONARY OF MECHANICAL 
ENGINEERING 
by Alfred del Vecchio. Prime definitions in 
architecture, automatic controls, engineering me- 
chanics, electricity, heat treatment of metals, 
welding, ete. illustrated. $6.00 
TRANSFORMERS AND GENERATORS FOR 
POWER SYSTEMS: THEIR BEHAVIOR, 
CAPABILITIES AND RATING 
by R. Langlois- Bertholst. A detailed examination 


of the great progress now being made in a ani 
in America, France “and Britain. 


ENGINEERING MATHEMATICS 
by J. Blakey and M. Hutton. Amply covers the 
pure mathematics required for a degree in eRe 
neering—also providing invaluable aid to engi- 
neers and advanced students. Ulustrated. $10.00 
MATHEMATICS REFRESHER 
by Kurt Wolter. An indispensable review book 
for all practising engineers and students. Itllus- 
trated. $3.75 
CHEMISTRY OF NUCLEAR POWER 
by J. K. Dawson and G. Long. An account of 
the extensive part played by chemists in. the 
development of nuclear power, $10.00 
NUCLEAR POWER PLANT 
by E. Oppenshaw Taylor. A survey of the funda- 
mental ideas underlying nuclear power generation. 
i. 


NEUTRON DETECTION 
by W. D. Allen. A comprehensive study of 
principles and standards, instruments and appli- 
cations of neutron detection, Extensive bibliography. 
$10.00 


PROPERTIES OF MATTER 
by F. C. Champion and N. Davy. An enlarged 
edition of a standard text; the subject re- 
orientated from a pitionep nivel Saanit of view to 
atomic interpretations, $10.00 
ATOMIC TERMINOLOGY 
English—German—F rench—lItalian 
Edited by Lore Lettenmeyer. A dictionary of es- 
sential terms in atomic and nuclear physics, and 
associated fields. $6.00 
You can expedite shipment by enclosing 
remittance 


PHILOSOPHICAL LIBRARY 
15 East 40th Street, New York 16, N.Y. 
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| Sauter, August, of New York, Inc. 
1959: 23 Oct., 1134; 13 Nov., 1348 
1960: 19 Feb., 540; 18 Mar., 882; 22 

Apr., 1247; 17 June, 1826; 26 Aug., 554 


Standard Scientific Supply Corp. 
1959: 23 Oct., 1128 
Stoelting, C. H., Co. 
1960: 22 July, 245; 26 Aug., 563 
Torsion Balance Co. 
1959: 23 Oct., 1019 


1960: 19 Feb., 463; 22 Apr., 1143; 20 
May, 1474; 22 July, 181; 26 Aug., 515 


Welch, W. M., Manufacturing Co. 
1960: 5 Feb., 367 
BALANCES, ANIMAL 


Exact Weight Scale Co. 
ipoo: 235° Oct., 1111 


1960: 19 Feb., 535; 18 Mar., 841; 
Apr., 1233; 17 June, 1817; 26 Aug., 566 


BEAKERS 


LaPine, Arthur S., and Co., 
1960: 20 May, 1550 
Nalge Co., Inc. 


1960: 20 May, 1564; 17 June, 1824; 22 


July, 248 


BOOKS AND JOURNALS 


Academic Press 
1960: 22 Apr., 1230 
Addison-Wesley Publishing Co., Inc. 
1960: 22 Apr., 1240 
Annual Reviews, Inc. 


1959: 2.Oct., 872; 23: Oct.,: Af21; 


Nov., 1271; 4 Dec., 1589 


1960: 8 Jan., 117; 19 Feb., 531; 
Mar., 844; 22 _ 1243; 13 May, 1457; 
17 June, 1823; 22 July, 233; 5 Aug., 369; 


2 Sept., 627; 7 Oct., 972 

ARTIA, Prague, Czechoslovakia 
1960: 15 July, 159 

Baker, J. T., Chemical Co. 
1960: 12 Feb., 428 

Basic Books 
1959: 16 Oct., 985 


1960: 19 Feb., 528; 22 Apr., 1246; 7 


Oct., 916 
British Information Services 


1959: 23 Oct., 1126; 4 Dec., 1594 


1960: 19 Feb., 552 
Burgess Publishing Co. 


1960: 22 Apr., 1226; 22 July, 254; 26 


Aug., 571 

California Academy of Sciences 
1960: 19 Feb., 533 

Cambridge University Press 
1960: 22 Apr., 1222 

Cattell, Jaques, Press, Inc. 
1960: 25 Mar., 943 

Consultants Bureau Enterprises, Inc. 


1960: 22 Apr., 1123; 15 July, 157 


Daedalus 
1960: 23 Sept., 836; 7 Oct., 971 
Doubleday & Co., Inc. 


1960: 5 Feb., 326; 19 Feb., 447; 3 June, 


1683 
Dover Publications, Inc. 
1959: 30 Oct., 1160 


1960: 29 Jan., 262; 29 Apr., 1280 


Dutton, E. P., & Co. 
1960: 2 Sept., 626 

Eaton-Dikeman Co. 
1960: 20 May, 1562 

Edmund Scientific Co. 


1960: 26 Aug., 508; 23 Sept., 855 













Instant Controlled 
Thorough Mixing 


In Tubes of Many Sizes 
With the 


VORTEX MIXER 


4 Tube Model Showing Use 
With Different Size Tubes 













@ SIMPLE TO OPERATE 

@ ELIMINATES HAND MIXING 
@ SAVES TIME 

© INCREASES ACCURACY 
pre Apa 3-speed control for 
each tube. Simple one-hand 
insertion or removal of tubes. 
Eliminates stoppers, rods, or 
finger capping. Accommo- 
dates tubes up to 25 mm. di- 
ameter, up to 200 mm. long. 


ADAPTABLE TO ANY MIXING PROCEDURE 
IN TEST TUBES 
OR CENTRIFUGE TUBES 





Ask your laboratory supply 
dealer for details, or write 
directly to: 


Scientific 
Industries, Inc. 


Dept. $-1010, 15 Park St. 
Springfield 3, Mass. 














SPRAGUE-DAWLEY, INC. 


Pioneers in the development 
of the 
STANDARD LABORATORY RAT. 


We are completing another new 
modern colony which will double 
our present production. 


The new colony building con- 
tains every device to insure con- 
tinuous production and _ ship- 
ment of guaranteed Sprague- 
Dawley strain albino rats. 


Increased orders from our pres- 
ent customers and orders from 
new customers will be accepted 
as production builds up. 


OUR PLEDGE: Our insistence on 
the highest possible quality will 
never be sacrificed to quantity. 


Price list will be mailed upon request. 


SPRAGUE-DAWLEY, INC. 
P.O. Box 2071 


Madison, Wisconsin 
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Fisher Verlag 
1960: 22 Apr., 1221 
Greiner, Emil, Co. 
1960: 22 Jan., 249; 26 Aug., 568 

8 Grune & Stratton 

1959: 27 Nov., 1485 
Harvard University Press 

1959: 20 Nov., 1434 

1960: 5 Feb., 366; 22 Apr., 1266; 26 
Aug., 565 
Holt, Henry, and Co., Inc. 

1960: 22 Apr., 1224 
Interscience Publishers, Inc. 

1959: 13 Nov., 1357 
Johns Hopkins Press 

1960: 22 Apr., 1251 
Kling Photo Corp. 

1960: 23 Sept., 834 
Lea & Febiger 

1959: 4 Dec., 1585 

1960: 22 Apr., 1161 
iG Library of Science 

1959: 13 Nov., 1289 

1960: 11 Mar., 691 
Lippincott, J. B., Co. 

1960: 22 Jan., 234; 22 Apr., 1252 
Long Island Biological Assoc. 

1959: 13 Nov., 1361 
Macmillan Co. 

1960: 22 Apr., 1264; 10 June, 1744 


Macy, Josiah, Jr., Foundation eC 
1959: 16 Oct., 993 ne p 






Martineau, Paul 
1960: 13 May, 1455 
McGraw-Hill Book Co., Inc. 
1960: 22 Apr., 1132, 1133; 26 Aug,, 


e 
Te In 
Merck & Co., Inc. 


1959: 13 Nov., 1348 
a: 1960: 17 June, 1820 
oa Mistaire Laboratories 
1959: 27 Nov., 1489; 4 Dec., 1608; Measuremen 
11 Dec., 1660; 18 Dec., 1714 
Mosby, C. V., Co. 
1960: 22 Apr., 1157 
Oxford University Press 


1959: 4 Dec., 1598 THE FERRANTI-SHIRLEY 
1960: 19 Feb., 546; 8 Apr., 1053; 9 
r. Sept., 682; 7 Oct., 968 CONE-PLATE VISCOMETER 


Pergamon Press, Inc. 
1959: 23 Oct., 1149 : ‘ : 
1960: 18 Mar., 877; 22 Apr., 1139 This advanced instrument enables the flow behavior 
| Philosophical Library of simple or complex fluids to be examined and eval- 
4 : uated with totally new standards of accuracy and 

1959: 2 Oct., 871; 20 Nov., 1433; 27 precision. The instrument is particularly useful in 


Nov., 1487 handling the complex non-Newtonian fluids. Methods 

1960: 22 Apr., 1239 long used for characterizing these fluids have been 

Pioneer Scientific Corp. subject to error. The cone-plate principle affords a 
rp 

1960: 16 Sept., 703 constant rate of shear, speed accuracy within 0.2%; 

Prentice-Hall, Inc. cone speeds continuously variable so as to give a 

1960: 22 Apr., 1127, 1141 shear rate range from 2 to 20,000 sec.-'; direct reading 


of speed, full torque ai all speeds, five sensitivities by 


Princeton University Press selector switch. 


1960: 22 Apr., 1248 A programmed control unit for use in conjunction 

| Putnam’s, G. P., Sons with an X-Y recorder to permit automatic plotting 
1960: 4 Mar., 677 of characteristics is also available. 

Random House Investigate this advanced viscometer and the new 

1960: 25 Mar., 940 principle that brings a greater degree of accuracy td 

the examination of fluids under today’s more critical 


ee yo x — Department and exacting requirements, both in laboratory and 


ducti trol lications. 
Rockefeller Institute Press nee eee 


1959: 4 Dec., 1595 
Ronald Press Co. 
sf. 1960: 8 Jan., 66; 19 Feb., 548; 22 Apr., 
1232; 19 Aug., 483 
Saunders, W. B., -Co. 

1959: 9 Oct., 879; 6 Nov., 1211; 4 Dec., 
1495 

1960: 1 Jan., 3; 12 Feb., 375; 11 Mar., 


FERRANTI ELECTRIC, INC. 
685; 1 Apr., 955; 8 Apr., 1003; 15 Apr., 


ELECTRONICS DIVISION 
_) ie Beats srs INDUSTRIAL PARK PLAINVIEW. Nv. Y. 
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NEW PHOTOMULTIPLIERS 





CBS LaporaToriEs new line of photo- 
multipliers are specially designed for 
counting or scanning applications. 

Unique photocathode geometry (1) 
and improved linear dynode structure 
(2) are combined to provide excellent 
uniformity of response across the face 
of the tube and extremely short transit 
time spread. 

The new, rugged photomultipliers 
are available as illustrated in 2”, 3” 
and 5” diam. cathodes with visible 
(S-11) or infra-red (S-1) response and 
10 stages of multiplication; or with 
quartz windows in 2” and 3” diam. 
with ultraviolet (S-13) response. Spe- 
cial types can be developed to order. 

For technical bulletins or complete 
information, write: CBS Lasorato- 
RIES, Electron Tube Department. 


LABORATORIES 


HIGH RIDGE RD. STAMFORD, CONN. * A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 





LEYBOLD 


CRYSTAL LATTICE MODELS FOR 
THE LABORATORY « FOR TEACHING 


Three-dimensional models provide the true rep- 
resentation so valuable for both laboratory and 
teaching. 

Angles and dimensions are based on X-ray 
and electron diffraction data. Linear magnifica- 
tion 250 million times. Spheres have a 20-mm 
diameter, are painted in various colors, and 
are permanently joined by metal rods. 

The structure of the space lattice of com- 
pounds, arrangement of components, formation 
of planes and chdracteristic symmetry functions 
become clearly recognizable. 

Write for bulletin describing the many 
models available, 


ARTHUR S. LAPINE Ann COMPANY 
6001 South Knox Avenue * Chicago 239, Ill. 
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LANCO LOZENGES~ 


The Molded-in-Teflon 
Magnetic Stirring Bars with 
NO SEAMS, JOINTS, OR PLUGS 


Guaranteed not to corrode or contaminate solutions 
*@®Trade-Mark Registered—Patent Pending 












ACTUAL 
SIZE 








Lanco LOZENGES® resist practically 
all chemicals (except molten alkali metals) 
resist adhesion, have zero moisture ab- 
sorption and withstand temperatures to 
500° F. Powerful Alnico V 
magnetic bars. Every Lanco | 
LOZENGE® is tested with 
high frequency spark to as- 
sure you perfect quality. 
Used for stirring in closed 
systems and in small capa- | : 
| city vessels. : 
Lanco Magnetic Stirrers 
are available with built-in 
| support rod clamp and rheo- | 
stat. Write for Bulletin 2C58 | 
for complete stirrer infor- 
mation. Order Direct Today! 
No. $384-03 Teflon-Covered Stirring Bars 
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3 
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Length Each Lots of 12* ea. 
Small A" $2.50 $2.25 
Medium 1%’ 2.75 2.47 
Large Af 2.70 


3.00 
*May be Assorted 


ARTHUR S. LaPINE and COMPANY 
6001 S. KNOX AVE. ¢ CHICAGO 29, ILLINOIS 
LABORATORY SUPPLIES, EQUIPMENT, REAGENT & INDUSTRIAL CHEMICALS J 














3 June, 1635; 1 July, 3; 
9 Sept., 635; 7 Oct., 911 
Schaar and Co. 
1960: 20 May, 1557 
Science Book Club, Inc. 
1959: 9 Oct., 885 
Society for General Systems Research 
1960: 19 Feb., 539 
Springer Verlag 
1960: 29 Apr., 
245; 30 Sept., 905 
United Nations 
1960: 22 Apr., 1228 
University of California Press 
1960: 23 Sept., 827 
University of Chicago Press 
1959: 4 Dec., 1524 
1960: 6 May, 1387; 8 July, 99 
University of Michigan Press 
1960: 29 Jan., 311; 22 Apr., 1131 
University of Wisconsin Press 
1959: 23 Oct., 1132 
1960: 22 Apr., 1145 
Van Nostrand, D., Co., Inc. 
1959: 23 Oct., 1151 
1960: 22 Apr., 1135; 7 Oct., 921 
Welch, W. M., Manufacturing Co. 
1960: 1 Jan., 51 
Wiley, John, & Sons, Inc. 
1959: 9 Oct., 888; 4 Dec., 1516, 1517 
1960: 12 Feb., 431; 11 Mar., 688; 22 
Apr., 1118, 1119 
Williams & Wilkins Co. 
1960: 22 Apr., 1153 
Yale University Press 
1960: 1 July, 47 
Year Book Publishers, Inc. 
1960: 11 Mar., 693; 22 Apr., 


12 Aug., 375; 


1278; 1 July, 4; 22 July, 


1235 


BORESCOPES 


American Cystoscope Makers, Inc. 
1960: 23 Sept., 821 


BRAIN STIMULATION EQUIPMENT 


Foringer & Co., Inc. 
1960: 7 Oct., 971 


BURNERS 


Standard Scientific Supply Corp. 
1959: 13 Nov., 1360 
1960: 19 Feb., 538 


CAGES, ANIMAL 


Brunswick Corp., Aloe Scientific Div. 
1960: 26 Aug., 553; 23 Sept., 835 
Kirschner Manufacturing Co. 
1960: 19 Feb., 531; 22 Apr., 
Sept., 830 
Labline, Inc. 
1959: 4 Dec., 1599 
Maryland Plastics, Inc., Econo-Cage Div. 
1959; 23 Oct., 1147 
1960: 22 Jan., 239; 
Apr., 1249; 29 Apr., 
23 Sept., 764 
Will Corp. 
1959: 4 Dec., 


1233; Zs 


19 Feb., 
1328; 


543°. Ze 
17 June, 1831; 


1513 


CALORIMETERS 


Parr Instrument Co, 
1960: 18 Mar., 870 


CAMERAS AND ACCESSORIES 


Aloe, A. S., Co., Aloe Scientific Div. 
1959: 6 Nov., 1271 
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American Optical Co. 

1959: 6 Nov., 1276 

1960: 13° San., 17Z; 22 Apr., 1272; 15 
July, 164 
Avco Corp., Research and Advanced 
Development Div. 

1959: 23 Oct., 1017 
Beckman & Whitley 

1959: 23 Oct., 1011 

1960: 19 Feb., 569 
Kling Photo Corp. 

1960: 17 June, 1820; 22 July, 230; 26 
Aug., 556 
Philips Electronics, Inc. 

1959: 13 Nov., 1284, 1285 
Rosenthal, Paul 

1960: June, 1744; 23 Sept., 822 
United Scientific Co. 

1959: 23 Oct., 1076, 1077 

1960: 19 Feb., 436; 27 May, 1576; 19 
Aug., 436 


CATALOGS 


Ace Glass, Inc. 
1960: 22 Jan., 247; 20 May, 1547; 22 
July, 237 
Baird-Atomic Inc. 
1960: 19 Feb., 468 
Baker, J. T., Chemical Co. 
1959: 4 Dec., 1503 
1960: 8 Jan., 65; 18 Mar., 767 
Bausch & Lomb Optical Co. 


1959: 9 Oct., 896; 6 Nov., 1224; 20 | 


Nov., 1382; 4 Dec., 1534 

1960: 29 Jan., 268; 11 Mar., 698; 18 
Mar., 772, 773; 25 Mar., 896; 8 Apr., 
1014; 22 Apr., 1164; 6 May, 1340; 13 
May, 1453; 20 May, 1492; 3 June, 1640; 
17 June, 1780; 1 July, 8; 12 Aug., 386; 
19 Aug., 479; 23 Sept., 784; 7 Oct., 924 
Beckman Instruments, Inc., Scientific 
and Process Instruments Div. 

1960: 4 Mar., 628; 15 Apr., 1068; 29 
July, 305 
Bel-Art Products 

1960: 19 Feb., 555 
Brinkmann, C. A., & Co. 

1960: 22 Jan., 216, 217, 218; 5 Feb., 
361; 26 Feb., 613; 8 Apr., 1004; 20 May, 
1549; 3 June, 1685 
Corning Glass Works 

1959: 9 Oct., 891 

1960: 22 Jan., 249; 5 Feb., 323; 11 
Mar., 745; 8 Apr., 1011; 13 May, 1450; 
3 June, 1636 
Colorado Serum Co. 

1959: 13 Nov., 1363 

1960: 19 Feb., 537; 18 Mar., 857; 22 
Apr., 1226 
Duralab Equipment Corp. 

1960: 18 Mar., 881 
Edmund Scientific Co. 

1959: 6 Nov., 1221 

1960: 18 Mar., 791; 27 May, 1631; 17 
June, 1764 
Esterline-Angus Co. 

1960: 22 July, 250 
Falcon Plastics Co. 

1959: 23 Oct., 1035 
Fisher Scientific Co. 

1960: 22 Jan., 189 
Greiner, Emil, Co. 

1960: 22 Jan., 249 
Harvard Apparatus Co., Inc. 

1959: 4 Dec., 1605 

1960: 22 Apr., 1261 
Industrial Instruments, Inc. 

1960: 22 Jan., 244; 18 Mar., 846; .22 
Apr., 1232; 17 June, 1816 
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SHADOGRAPH TYPE 4200 














Unequalled for versatility, 
speed and visible accuracy ... 


SHADOGRAPH" BALANCE SAVES TIME 





IN COUNTLESS LABORATORY USES 


FAST — The Shadograph comes to rest 
almost immediately. 


EASY TO READ — Light-beam pro- 
jection indication provides a sharp 
shadow-edge reading on a frosted glass 
dial. Parallax reading is eliminated. 


WEIGHS OUT-OF-LEVEL — The 
Shadograph is easily moved from one 
location to another; it weighs accurately 
without leveling; and is unaffected by 
normal vibration. 


RUGGED — The Shadograph is a pre- 
cision instrument, sturdily constructed 
and designed for utmost dependability 
in day-in-day-out laboratory use. 


Models are available with visible sensitiv- 
ity from one milligram (2000 milligrams 
capacity) to two grams (35 kilos capac- 
ity). We will be glad to demonstrate the 
time-saving advantages of the Shadograph 
in your laboratory. No obligation, of 
course. Write for our laboratory catalog. 


Sales and Service Coast to Coast 


OTHER SHADOGRAPH 
MODELS 








MODEL 4203B-TC-SA, 
SMALL ANIMAL BALANCE 





MODEL 4142, TISSUE 
AND TUMOR BALANCE 


THE EXACT WEIGHT SCALE CO. 
901 W. FIFTH AVE., COLUMBUS 8, OHIO 
In Canada: 5 Six Points Road, Toronto 18, Ont. 








Instruments for Research and Industry 
1960: 18 Mar., 878 

Kimble Glass Co. 
1960: 15 Jan., 


125; 22: Jan,,.- 183; 


Feb., 381; 11 Mar., 689; 15 Apr., 1072; 


13 May, 1399 
Kewaunee Scientific Equipment 
1960: 19 Feb., 536 
Lafayette Radio 
1959: 23 Oct., 1013 
Lourdes Instrument Corp. 
1960: 18 Mar., 783 
Matheson Co., Matheson Coleman & 
Bell Div. 
1960: 20 May, 1565 
Microchemical Specialties Co. 
1960: 22 Apr., 1222 


Nalge Co., Inc. 


1960: 19 Feb., 532; 18 Mar., 


872; 


1 


Apr., 995; 22 Apr., 1227; 20 May, 1564; 


12) > 17° Fuhe, 
570; 23 Sept., 824 
National Appliance Co. 
1959: 23 Oct., 1118 
1960: 8 Jan., 111; 4 Mar., 674 
New Brunswick Scientific Co., Inc. 
19608: 15..jan.. 165; -22 gan., 255; 
Feb., 559; 26 Feb., 619; 
25 Mar., 943; 22 Apr., 
1626; 
June, 1896 
Nuclear-Chicago Corp. 
1959: 16 Oct., 996 
1960: 1 Apr., 1000 


1824; 22 July, 248; 26 Aug., 


19 


18 Mar., 877; 
1235; 27 May, 
10 June, 1747; 17 June, 1838; 24 





FINEST PRECISION INSTRUMENTS 
FOR THE LABORATORY FROM 


SLIDING 
MICROMANIPULATOR 


A new conception in the tech- 
nique of micromanipulation. 
Ideal for collodial chemistry, 
physics, microchemistry, medi- 
cine and textiles etc. Allows 
simple precise manipulation 
and reliable measurement. Af- 
fords free movement in all 
directions. 


SM XX (citoplast) 


This stereoscopic dissecting microscope 
is an unsurpassed instrument embodying 
every known advance in microscopy. 
Brilliantly-resolved, erect, three-dimen- 
sional image. Rotable magnification 
changer has five built-in parfocal ob- 
jectives. Magnification range: 4X to 
100X at 100 mm working distance. 


LGOG MICROSCOPES 


The perfect laboratory and_ research 
microscope featuring extreme versatility, 
low positioned course and fine adjust- 
ments, or aprochromat, quartz or reflect- 
ing objectives. Accessories for phase 
contrast, polarizing, dark field and photo- 
micrographic application. 


For complete information on Carl Zeiss Jena precision instruments write: 


=, ORIGINAL 





In Canada: 
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Scientific Instrument Division 


ERCONA CORPORATION 
16 West 46th Street, New York 36, N.Y. 


JENA SCIENTIFIC INSTRUMENTS LTD. 
1437 Mackay Street, Montreal 25, Quebec 


ee 











Nuclear Corporation of America, 
Isotopes Specialties Co. 

1960: 26 Aug., 577 
Nutritional Biochemicals Corp. 

1959: 30 Oct., 1159; 13 Nov., 
27 Nov., 1443; 11 Dec., 1615 

1960: 8 Jan., 55; 22 Jan., 175; 5 Feb., 
315; 19 Feb., 435; 4 Mar., 625; 18 Mar., 
753; 1 Apr., 951; 15 Apr., 1063; 29 Apr., 
1275; 13 May, 1395; 27 May, 1575; 10 
June, 1695; 24 June, 1851; 8 July, 55; 
22 July, 167; 5 Aug., 315; 19 Aug., 435; 
2 Sept., 583; 16 Sept., 695; 30 Sept., 859 
Pioneer Scientific Corp., subsidiary of 
Bausch & Lomb Optical Co. 

1960: 16 Sept., 703 
Radiochemical Centre 

1960: 8 Jan., 115; 5 Feb., 361; 29 Apr,, 
1325; 24 June, 1893; 22 July, 249 
Sanborn Co., Medical Div. 

1959: 16 Oct., 983; 11 Dec., 1623 
Schueler & Co., Schuco Scientific Div. 

1960: 23 Sept., 814 
Sorensen & Co. Inc. 

1960: 22 Apr., 1223; 
23 Sept., 841 
Sorvall, Ivan, Inc. 

1960: 17 June, 
773 
Technical Associates 

1960: 18 Mar., 865 
United Scientific Co. 

1959: 2.-Oct.,' 871; 30 Oct. 1201; 3 
Nov., 1266; 27 Nov., 1484; 4 Dec., 1584 

1960: 8 Jan., 114; 15 Jan., 168; 29 
Jan., 304; 26 Feb., 616; 4 Mar., 677; 25 
Mar., 940; 1 Apr., 996; 8 Apr., 1054; 22 
Apr., 1246; 6 May, 1388; 13 May, 1454; 
20 May, 1562; 27 May, 1576; 3 June, 
1688; 17 June, 1840; 24 June, 1852; 8 
July, 98; 15 July, 156; 5 Aug., 364; 12 
Aug., 427; 2 Sept., 626; 9 Sept., 683; 
16 Sept., 748; 30 Sept., 902; 7 Oct., 970 
Welch, W. M., Manufacturing Co. 

1960: 4 Mar., 675; 7 Oct., 967 
Will Corp. 

1959: 23 Oct., 1127 


1279; 


20 May, 1468; 


1760, 1761; 23 Sept., 


CELLS 


Beckman Instruments, Inc., Scientific and 
Instruments Process Div. 

1960: 4 Mar., 628; 15 Apr., 1068; 29 
July, 305 


CENTRIFUGES AND ACCESSORIES 


Beckman Instruments, Inc., Spinco Div. 

1959: 9 Oct., 878; 23 Oct., 999; 25 Dec., 
1727 

1960: 26 Feb., 572; 25 Mar., 890; 27 
May, 1574; 24 June, 1850; 26 Aug., 494; 
23 Sept., 754 
Corning Glass Works 

1960: 8 Apr., 1011 
Custom Scientific Instruments, Inc. 

1959: 23 Oct., 1142 

1960: 22 Jan., 234; 22 July, 236; 23 
Sept., 834 
Doerr Glass Co. 

1959: 13 Nov., 1283; 4 Dec., 1499 
International Equipment Co. 

I9359:.2 ‘Oct; 875; 16 Oct:, 940; 25 
Oct., 1007; 13 Nov., 1299; 27 Nov., 1483; 
4 Dec., 1510; 25 Dec., 1730, 1731 

1960: 8 Jan., 67; 5 Feb., 318, 319; 19 
Feb., 471; 4 Mar., 626; 18 Mar., 797; 8 
Apr., 1009; 22 Apr., 1154, 1155; 13 May, 
1401; 27 May, 1579; 10 June, 1751; 24 
June, 1855; 8 July, 103; 22 July, 175; 5 
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These 
LABELED 

2 COMPOUNDS 
can increase your 
research efficiency 


[r=] lodobenzene Chlorobenzene 


[s*] Dodecylbenzene Sulphonate 
Tri-N-Buty! Phosphate [H] Water 
Allyl Alcohol [H} Polyethylene 





Whether you require any of the above 
or others, you are assured of getting labeled 
compounds of the highest chemical and radio 
chemical purity. 

Should you require a special compound, Isotopes 
Specialties’ skilled personnel can produce it 
to your exacting requirements. 

Write to Dept. S-10 and ask for our Catalog #587 
which lists all labeled compounds available for 
immediate delivery. 


==((@5) ISOTOPES SPECIALTIES CO. 


Division of Nuclear Corporation of America 


BOX 688 - BURBANK, CALIFORNIA 








the modern 





slant 





A 


M ORT ON stainless steel 


CULTURE TUBE 
CLOSURE* 


THE PROVEN REPLACEMENT 
FOR COTTON PLUGS 





Grip culture tubes with patented pressure fingers 
@ Assure reduced evaporation of culture media 
@ Provide adequate aeration for culture @ Resist 
corrosion and retain resilience @ Reliably prevent 
contamination. *U. S. Pat. No. 2,287,746 


: WRITE TODAY FOR BROCHURE C-3 
“research 


‘scenes, BELLCO GLASS INC @\ 


the best’ 
VINELAND, NEW JERSEY 











THE NEW BRUNSWICK 6-UNIT 


Batch Fermentor 


@ For Aerobic and Anaerobic Fermentations 
®@ For Tissue Culture and Metabolic Studies 


®@ Completely Autoclavable 


Six stainless steel fermentors, with Py- 
rex jars of 5, 7.5, or 14 liter capacity, are 
removable for autoclaving. The non- 
freezing agitators are in stainless steel, 
ball-bearing housings which incorporate 
leakproof seals for repeated autoclaving. 
Performance is cool, quiet, and depend- 


Temperature, agitation-speed, air vol- 


cisely regulated. The stainless steel water 
baths, with a temperature range up to 
60°C. are thermostatically controlled 


able even under continuous operation. Models with Single 
and 3-Fermentor Drive 


ume and pressure are measured and pre- Assemblies Also Available. 








MODEL 
FS-614 


UNCONDITIONAL ONE-YEAR WARRANTY 





within + 0.5°C. 


Twin anti-friction drives provide a wide WRITE FOR 
range of agitation rates. The apparatus CATALOG 
can be equipped with automatic pH FS—0O21S 


control and electronic anti-foam system. 
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NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECISION LABORATORY APPARATUS 






P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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EXACTING CONSTANT 
TEMPERATURE TASKS 


such as 
™ Semiconductor Testing 
Critical Incubations 
~ Guidance Components Testing 
Plastics. Conditioning 


REQUIRE A 


CONSTANT TEMPERATURE 
CABINET WITH 


guaranteed temperature uni- 
formity as close as +0.90°C... 
Long lasting stainless steel in- 
teriors . . . Electronic control. 





You can choose from 
60 models...all sizes... 
all temperature ranges... 
all guaranteed for 5 years 
and backed by 56 years of 
proved performance... 


Write for Bulletin 302 





Built By 


SINCE 1920 


PRECISION 
SCIENTIFIC CO. 











3735 West Cortiand St., Chicago 47, Ill. 


Local Offices in 
Chicago « Cleveland * Houston 
New York « Philadelphia « San Francisco 
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Aug., 319; 19 Aug., 438; 2 Sept., 587; 30 
Sept., 860 
Lourdes Instrument Corp. 
1959: 23 Oct., 1014 
1960: 22 Jan., 182; 19 Feb., 441; 18 
Mar., 783; 22 .Apr., 1149; 23 Sept., 819; 
7 Oct., 969 
Sorvall, Ivan, Inc. 
1959: 23. Oct., 
1371; 4 Dec., 1509 
1960: 19 Feb., 444, 445; 18 Mar., 756, 
757; 20 May, 1561; 17 June, 1760, 1761; 
22 July, 231; 26 Aug., 567; 23 Sept., 773 


1024, 1025; 13 Nov., 


CHEMICALS, BIOLOGICAL 


Borden Chemical Co. 

1959: 23 Oct., 1142 
Difco Laboratories 

1959: 13 Nov., 1351 

1960: 22 Apr., 1221; 26 Aug., 563 
Matheson Co., Inc., Matheson Coleman & 
Bell Div. 

1960: 20 May, 1565 
Merck & Co., Inc. 

1959: 13 Nov., 1348 
New England Nuclear Corp. 

1959: 20 Nov., 1432 
Nutritional Biochemicals Corp. 

1959: 2 Oct., 819; 16 Oct., 939; 30 Oct., 
1159; 13 Nov., 1279; 27 Nov., 1443; 11 
Dec., 1615; 25 Dec., 1727 

1960: 8 Fasti:, ‘55; 22: Jan:, 175; 5 Fes. 
315; 19 Feb., 435; 4 Mar., 625; 18 Mar., 
753; 1 Apr., 951; 15 Apr., 1063; 29 Apr., 
1275; 13 May, 1395; 27 May, 1575; 10 
June, 1695; 24 June, 1851; 8 July, 55; 22 
July, 167; 5 Aug., 315; 19 Aug., 435; 2 
Sept., 583; 16 Sept., 695; 30 Sept., 859 
Schwarz BioResearch, Inc. 

1959: 9 Oct., 880; 13 Nov., 1300 

1960: 22 Jan., 179; 5 Feb., 363; 18 Mar., 
786; 20 May, 1482; 10 June, 1745; 22 
July, 172; 29 July, 307; 23 Sept., 779 
Sigma Chemical Co. 

1959: 6 Nov., 1269; 4 Dec., 1591 

1960: 1 Jan., 47; 29 Jan., 305; 26 Feb., 
617; 25 Mar., 941; 20 May, 1545; 17 June, 
1823; 15 July, 159; 23 Sept., 843 
Will Corp. 

1960: 20 May, 1516, 1517 
Winthrop Laboratories 

1959: 23 Oct., 1116 

1960: 12 Feb., 425; 18 Mar., 843; 22 
Apr., 1251; 27 May, 1628; 16 Sept., 749 
Worthington Biochemical Corp. 

1960: 1 Jan., 48; 5 Feb., 364; 4 Mar., 
630; 1 Apr., 994; 20 May, 1543; 3 June, 
1682; 1 July, 49; 5 Aug., 365; 2 Sept., 625; 
23 Sept., 844 


CHEMICALS, GENERAL 


Allied Chemical Co., General 
Chemical Div. 

1960: 22 Jan., 240; 
July, 244 
Eastern Chemical Corp. 

1960: 7 Oct., 971 
Harshaw Chemical Co. 

1959: 13 Nov., 1346 

1960: 8 Jan., 112; 29 Jan., 306 
Mallinckrodt Chemica! \ orks 

1960: 18 Mar., 795; 20 May, 1473 
Matheson Co., Inc., Matheson 
Coleman & Bell Div. 

1960: 17 June, 1827; 22 July, 168 
Pilot Chemicals, Inc. 

1959: 23 Oct., 1146 


18 Mar., 845; 22 











ISOTOPES 


for Your 
Development Work 


Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 


Processed Solutions — 90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


Now Available — [ridium-192 gamma 
sources with specific activity up to 100 
curies per gram, and cobalt-60 radiogra- 
phy sources 1/8 and 1/16-inch in diame- 
ter with specific activity greater than 
100 curies per gram. At a reduced price, 
carbon-14 barium carbonate is available 
at $9.50 per millicurie. 


STABLE ISOTOPES 


More than 200 stable isotopes available 
from 50 elements.... Chemical processing 
and target fabrication services also of- 


| fered.... Ultra-high isotopic purity in a 





number of isotopes. 

For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P.O. Box X, Oak Ridge, 


Tennessee. 
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Standard Scientific Supply Corp. 
1960: 7 Oct., 966 
Winthrop Laboratories 
1959: 27 Nov., 1485 
1960: 12 Feb., 425; 18 Mar., 843 


CHEMICALS, ORGANIC 


Allied Chemical Co. 
1960: 18 Mar., 845 
Eastern Chemical Corp. 
1960: 7 Oct., 971 

Matheson Co., Inc. 
1960: 19 Aug., 484 


CHEMICALS, TRACER 


Baird-Atomic, Inc. 

1960: 22 Apr., 1121; 20 May, 1515 
New England Nuclear Corp. 

1959: 9 Oct., 929; 23 Oct., 1129; 6 Nov., 
1267; 20 Nov., 1432; 4 Dec., 1603; 18 
Dec., 1717 

1960: 1 Jan., 51; 15 Jan., 164; 29 Jan., 
308; 12 Feb., 426; 26 Feb., 613; 11 Mar., 
744; 25 Mar., 938; 8 Apr., 1053; 22 Apr., 
1255; 6 May, 1385; 20 May, 1568; 3 June, 
1684; 17 June, 1838; 1 July, 51; 15 July, 
161; 29 July, 311; 12 Aug., 425; 26 Aug., 
571; 9 Sept., 684; 23 Sept., 814; 7 Oct., 
972 
Nuclear-Chicago Corp. 

1960: 29 Apr., 1332; 30 Sept., 908 
Nuclear Corporation of America, 
Isotopes Specialties Co. 

1960: 26 Aug., 577 
Oak Ridge National Laboratory 

1960: 19 Feb., 528; 18 Mar., 854; 22 
Apr., 1224; 10 June, 1742; 23 Sept., 818 
Picker X-Ray Corp. 

1960: 20 May, 1489; 15 July, 107 
Radiochemical Centre 

1959: 13 Nov., 1347 

1960: 8 Jan., 115; 5 Feb., 361; 29 Apr., 
1325; 24 June, 1893; 22 July, 249; 16 
Sept., 747 
Schwarz BioResearch, Inc. 

1959: 13 Nov., 1300; 18 Dec., 1715 

1960: 18 Mar., 786; 15 Apr., 1107; 22 
July, 172; 29 July, 307 
Tracerlab, Inc. 

1959: 23 Oct., 1141; 27 Nov., 1486 

1960: 22 Apr., 1130 


CHROMATOGRAPHY EQUIPMENT 
AND ACCESSORIES 


American Instrument Co., Inc. 

1959: 4 Dec., 1590 
Atomic Accessories, Inc. 

1959: 23 Oct., 1004 

1960: 17 June, 1826 
Barber-Colman Co., Wheelco 
Instruments Div. 

1960: 22 Apr., 1156; 17 June, 1758; 22 
July, 176; 26 Aug., 514 
Beckman Instruments, Inc. 

1959: 2 Oct., 825; 6 Nov., 1212; 20 
Nov., 1379; 27 Nov., 1442 

1960: 12 Feb., 374; 4 Mar., 629; 1 Apr., 
956; 8 Apr., 1002; 10 June, 1694; 22 July, 
166 
California Laboratory Equipment Co. 

1959: 23 Oct., 1116; 13 Nov., 1347; 4 
Dec., 1601; 25 Dec., 1767 
Central Scientific Co. 

1960: 29 Jan., 308; 27 May, 1626; 7 
Oct., 973 . 
Corning Glass Works 

1960: 22 Jan., 249 
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an 
evolution 
in 


Did you ever see such simplicity in 
a multi-purpose stereomicroscope? 


Yet here is an instrument with all the efficiency and versatility 
for educational and industrial laboratory use. The M-4 is available 
with either fixed magnification or variable by means of power 
cartridge... providing a total range of from 5x to 160x with inter- 
changeable eyepieces and attachment objectives. 





This new simplified design concept, carried through a complete range 
of accessories for photomicrography, results in lower acquisition cost. 





The Wild M-4 is the stereomicroscope you must investigate. Write for 
Booklet M-4. 


*The FIRST name in a complete line of Surveying instruments, 
Photogrammetric Equipment and Microscopes. 


WILD HEERBRUGGO INSTRUMENTS, ING. 
PORT WASHINGTON, NEW YORK 
in Canada: Wild of Canada Ltd. 
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F & M Scientific Corp. 
1960: 18 Mar., 766; 20 May, 1486; 26 
Aug., 562; 23 Sept., 769 
Greiner, Emil, Co. 
1960: 22 Jan., 249 
Hamilton Co., Inc. 
1960: 26 Aug., 513; 23 Sept., 831 
Kontes Glass Co. 
1959: 2 Oct., 826 
Labline, Inc. 
1960: 22 Jan., 233 
Microchemical Specialties Co. 
1960: 19 Feb., 530 
New Brunswick Scientific Co., Inc. 
1959: 23 Oct., 1123; 11 Dec., 1666 
1960: 5 Feb., 367; 13 May, 1452; 24 
June, 1896; 23 Sept., 849 


Packard Instrument Co., Inc. 
1959: 23 Oct., 1041; 11 Dec., 1628 
1960: 22 Jan., 196; 19 Feb., 478; 1 Apr., 
958; 27 May, 1582; 22 July, 190; 2 Sept., 
590 
Perkin-Elmer Corp., Instrument Div. 
1960: 12 Feb., 376; 22 Apr., 1116; 15 
July, 108; 26 Aug., 496 
Phoenix Precision Instrument Co. 
1959: 23 Oct., 1006 
1960: 19 Feb., 550; 20 May, 1546; 23 
Sept., 845 
Photovolt Corp. 
1959: 13 Nov., 1361; 18 Dec., 1717 
1960: 19 Feb., 527; 18 Mar., 857; 22 
Apr., 1231; 20 May, 1559; 17 June, 1825; 
22 July, 245; 26 Aug., 563; 23 Sept., 839 








CHANNEL 


pH METER 


FOR EXACTING 
RESEARCH 
APPLICATIONS 





Mi readable & sensitive to changes of 0.001 pH 
Hi extremely low drift chopper-amplifier circuitry 
BB hum rejection circuitry 

HH recording provisions 


size: 8 x 10 x 8” wt 10% Ibs. 





i for measuring small pH changes accurately 
Mi for use with Severinghaus pCO, electrodes 


Mi for use with sodium or potassium sensitive 
glass . electrodes 


Hi models available with millivolt scales and 
combination null-balance & direct reading 


RISEMAN DEVELOPMENT LABORATORY 
18 MOUNT AUBURN STREET - CAMBRIDGE 38, MASS. 
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Reeve Angel 
1960: 19 Feb., 454; 20 May, 1481 
Research Specialties Co. 
1959: 23 Oct., 1043 
1960: 23 Sept., 816 
Schaar and Co. 
1960: 20 May, 1557 
Schleicher, Carl, & Schuell Co. 
1960: 16 Sept., 745 
Schueler and Co., Schuco Scientific Diy. 
1960: 19 Feb., 565; 23 Sept., 814 
Scientific Glass Apparatus Co., Inc. 
1959: 23 Oct., 1026 
Sigma Chemical Co. 
1960: 26 Aug., 575 
Technicon Chromatography Corp. 
1960: 22 Apr., 1247; 17 June, 1837; 23 
Sept., 853 
Ultra-Violet Products, Inc. 
1959: 13 Nov., 1364 
Vanguard Instrument Co. 
1959: 4 Dec., 1531 
1960: 26 Aug., 506 


CLAMPS 


LaPine, Arthur S., and Co. 
1960: 22 Jan., 250; 22 July, 246 


CLASSROOM CHARTS 


Welch, W. M., Manufacturing Co. 

1959: 2 Oct., 867 

1960: 1 Jan., 51; 3 June, 1685 
Central Scientific Co. 

1960: 22 Jan., 255; 18 Mar., 857; 13 
May, 1452 


CLEANSERS 


Alconox, Inc. 

1959: 6 Nov., 1269 

1960: 22 Apr., 1245; 22 July, 240 
Greiner, Emil, Co. 

1960: 22 Apr., 1246; 17 June, 1820 
Meinecke & Cog., Inc. 

1959: 23 Oct., 1114; 4 Dec., 1580 

1960: 19 Feb., 474; 18 Mar., 868; 22 
Apr., 1263; 17 June, 1834; 23 Sept., 828 
Ultrasonic Industries, Inc. 

1960: 22 Apr., 1238 


COBALT-60 IRRADIATORS 


Atomic Energy of Canada Limited 
1960: 23 Sept., 781 

Budd Cc., Nuclear Systems Div. 
1959:.9 Oct., 935 


COLONY COUNTERS 


American Optical Co. 

1960: 3 June, 1692 
New Brunswick Scientific Co., Inc. 

1959: 23 Oct., 1123 

1960: 8 Jan., 116; 26 Feb., 619; 3 June, 
1687 


COLORIMETERS AND ACCESSORIES 


Bausch & Lomb Optical Co. 
1959: 9 Oct., 896 
1960: 1 Jan., 8; 9 Sept., 642 
Beckman Instruments, Inc., Scientific 
and Process Instruments Div. 
1960: 4 Mar., 628; 15 Apr., 1068; 29 
July, 305 
Fisher Scientific Co. 
1960: 22 July, 174 
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NOW 


A LOW COST METERING 


PUMP 
SULPHURIC ACID 


AND OTHER 
STRONG OXIDIZING AGENTS Nowa 


special formulation of Hypalon makes the dependable 
SIGMAMOTOR Pump applicable for metering sul- 
phuric acid or other strong oxidizing agents. Liquid is 
forced through 
Hypalon tubing by 
wave-like action 
of steel fingers. 
Never contacts 





metal. 


Model T6SH opens to permit change 
of tubing easily — quickly. 


SIGMAMOTOR Inc. 


68 NORTH MAIN STREET e@ MIDDLEPORT, NEW YORK 





Dehydrated 


Culture Media 
DIFCO 


The utmost in efficiency and economy in the 
bacteriological laboratory is realized through use 
of Dehydrated Culture Media, Difco. 


Convenience—any medium can be instantly prepared. 
Stability—media can be kept without deterioration. 
Availability—each medium is instantly available. 
Completeness—no additional ingredients are required. 
Uniformity—successive lots are identical. 


Comparability—dependable, comparative studies are 
possible in widely separated laboratories over long 
periods of time when standardized Difco Products 
are employed. 


Specify “DiFCO” 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 











COUNTERCURRENT 
FRACTIONATOR 





A EC520 COUNTERCURRENT FRACTIONATOR with auto- 
matic drive; two racks of 100 20-ml tubes on base 
24” x 34", 





NEW VERTICAL GEL ELECTROPHORESIS 





EC470 VERTICAL GEL ELECTROPHORESIS APPARATUS, 
WATER-COOLED PRESSURE PLATES 


SEND FOR FURTHER INFORMATION AND DETAILED SPECIFICATIONS 


E-C APPARATUS COMPANY 


538 WALNUT LANE 
SWARTHMORE, PENNA. 
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BARNSTEAD 
DEMINERALIZERS 
FOR ALL 
INDUSTRIAL 
APPLICATIONS 


BAD 
(BB ARNG Nis INDUSTRY 
a ea 


DESCRIBED IN NEW 
CATALOG #160 


This NEW 36-page Catalog features 
the complete line of Barnstead Mixed- 
Bed, Two-Bed, and Four-Bed Demin- 
eralizers with capacities of up to 2500 
gallons per hour and more. : . built 
to your specifications. A special sec- 
tion of interest to Nucleonic and 
Electronic engineers is devoted to 
Barnstead “Train” equipment which 
produces ultra pure water of 18,000,000 
ohms resistance at 25° C. This Pure 
Water equipment connected in series 
also removes organics, inorganics, 
bacteria, gases, and submicroscopic 
particles down to 0.45 micron. Other 
sections are devoted to Barnstead 
Tin-Lined Piping, Fittings, Faucets, 
Purity Meters, Storage Tanks, Sand 
and Carbon Filters, Submicron® Fil- 
ters, and other auxiliary equipment. 


Installation case histories of Barn- 
stead “Pure Water Specials” are 
also described and illustrated. 
Charts, specification drawings and 
actual on-job installations are de- 
tailed. Write for id copy of 
Catalog #160 Today 


Warnstead 


STILL AND STERILIZER CO. 
00 Lanesville Terrace, Boston 31, Mass. 





BOSTON NEW YORK CLEVELAND 
JAmaica Kingsbridge ACademy 
2-8490 8-15 6-6622 
CHICAGO PHILADELPHIA WASHINGTON, D.C. 
ROgers Park BRoadway District 
6173 9-3146 7-1142 
LOS ANGELES SAN FRANCISCO DETROIT 
RYan TEmplebar met” 
1-6663 2-5391 7422 





FIRST IN WATER PURIFICATION 


SINCE 
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Instrumentation Associates 

1960: 29 Jan., 304; 17 June, 1840 
Klett Manufacturing Co. 

1959: 2 Oct., 867; 16 Oct., 988; 23 Oct., 
1132; 30 Oct., 1202; 13 Nov., 1347; 20 
Nov., 1432; 27 Nov., 1486; 4 Dec., 1597; 
18 Dec., 1717; 25 Dec., 1767 

1960: 22 Jan., 243; 5 Feb., 368; 19 
Feb., 545; 4 Mar., 676; 18 Mar., 843; 1 
Apr., 997; 15 Apr., 1106; 6 May, 1384; 
27 May, 1626; 8 July, 94; 15 July, 159; 
29 July, 311; 5 Aug., 369; 2 Sept., 628; 
16 Sept., 747; 7 Oct., 973 
Photovolt Corp. 

1959: 9 Oct., 929; 11 Dec., 1663 

1960: 8 Jan., 116; 22 Jan., 251; 11 Mar., 
747; 8 Apr., 1055; 15 Apr., 1109; 27 May, 
1628; 24 June, 1896; 1 July, 47; 15 July, 
160; 19 Aug., 477 
Thomas, Arthur H., Co, 

1960: 8 Jan., 120 


COMPUTERS 


American Bosch Arma Corp. 
1960: 10 June, 1698 
Burroughs Corp., ElectroData Div. 
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Donner Scientific Co. 
1960: 18 Mar., 776 

General Motors Research Laboratories 
1960: 10 June, 1702 

Royal McBee Corp. 
1959: 2 Oct., 824; 6 Nov., 1216 
1960: 25 Mar., 891; 29 July, 263 


CONDUCTIVITY EQUIPMENT 
Industrial Instruments, Inc. 

1959: 13 Nov., 1365 

1960: 22 Jan., 244; 18 Mar., 846; 22 
Apr., 1232; 17 June, 1816; 26 Aug., 573 
CONE, TAPER 
Burdick & Jackson Laboratories 

1960: 22 Apr., 1259 
CONNECTORS, ELECTRICAL 
Superior Electric Co. 

1959: 13 Nov., 1349 
CONTROLLERS 
Smith, Arthur F., Inc. 

1960: 7 Oct., 968 
CRUCIBLES, PLATINUM-CLAD 
Fisher Scientific Co. 

1960: 20 May, 1571; 23 Sept., 777 
CURRENT INTEGRATOR 
Eldorado Electronics 

9959: 23 Oct., 1150 
DECAPITATORS 
Harvard Apparatus Co., Inc. 

1960: 18 Mar., 843 
DEMINERALIZERS 


Barnstead Still and Sterilizer Co. 
1959: 23 Oct., 1042 
1960: 22 Apr., 1248; 20 May, 1566 


1960: 18 Mar., 762, 763; 20 May, 1466, 











| Outstanding RONALD Books ———— 


DEVELOPING CELL 
SYSTEMS AND 
THEIR CONTROL 


Edited by Dorothy Rudnick, 
Albertus Magnus College 
and Yale University 





Just published! 18%) Growth Symposium. 
This new book presents and describes ad- 
vances in the knowledge of cell differentia- 
tion and its control within the organism, 
from both the biological and biochemical 
points of view. The ten internationally 
known contributors discuss a diversity of 
organisms in the plant, animal, and micro- 
biological kingdoms. 1960. 240 pp., 125 
ills. $8 
The 16th and 17th Symposia of the Society for 
the Study of Development and Growth— 
Developmental Cytology. Dorothea Rudnick, 
Editor, with 10 Contributors. 1959. 215 
pp.; 118 ills., tables. $7 
Cell, Organism, and Milieu. Dorothea Rud- 
nick, Editor, with 12 Contributors. 1959. 
326 pp.; 136 ills., tables. $8 


SUBCELLULAR PARTICLES 


Edited by Teru Hayashi, 
Columbia University 


The Fifth Annual Symposium Publication 
of the Society of General Physiologists. A 
comprehensive review of research on cell 
inclusions. Emphasis is on the structural 
aspects of subcellular particles as related 
to their function, especially with regard 
to the heterogeneous system created by 
the very presence of the particulate ma- 
terial within the cell. 20 Contributors. 
1959. 213 pp.; 122 ills., tables. $6 


Other S.G.P. Symposia— 

Physiological Adaptation. C. Ladd Prosser, 
Editor, with 14 Contributors. 1958. 185 
pp.; 90 ills., tables. ; $4 

Influence of Temperature on Biological Sys- 
tems. Frank H. Johnson, Editor, with 
24 Contributors. 1957. 275 pp.; 133 ills., 
tables. $4.50 

Physiological Triggers and Discontinuous 
Rate Processes. Theodore H. Bullock, 
Editor, with 16 Contributors. 1957. 179 
pp.; 55 ills., tables. $4 

Electrolytes in Biological Systems. Abraham 
M. Shanes, Editor, with 11 Contributors. 
1955. 243 pp.; 123 ills., tables. $4 


INTRODUCTION TO 
QUANTITATIVE GENETICS 


D. S. Falconer, 
University of Edinburgh 


A valuable synthesis of material on the in- 
heritance of quantitative differences be- 
tween individuals. The basic theory of 
quantitative variations is developed, show- 
ing what variations can be attributed to 
genetic and non-genetic causes. Many ex- 
amples illustrate the theoretical discus- 
sions. 1960. 348 pp.; 98 ills., tables. $6 


PRINCIPLES OF 
PALEOBOTANY 
William C. Darrah, 
Gettysburg College 


Second Edition of this textbook presents 
the conceptual scheme of paleobotany 
through the explanation and use of the 
assumptions and techniques employed in 
the interpretation of the fossil record. A 
Chronica Botanica Publication. 2nd Ed., 
1960. 295 pp.; 75 ills., tables. | $6.50 
Publishers of the Chronica Botanica Books 
Order direct from: 


THE RONALD PRESS COMPANY 
15 East 26th St., New York 10 
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_Feb., 527; 18 Mar., 857; 15 Apr., 1109; 





DENSITOMETERS 


Photovolt Corp. 
1959: 9 Oct., 929; 13 Nov., 1361; 18 
Dec., 1717 
1960: 8 Jan., 116; 12 Feb., 425; 19 


22 Apr., 1231; 20 May, 1559; 17 June, 
1825; 24 June, 1896; 22 July, 245; 19 
Aug., 477; 26 Aug., 563; 16 Sept., 749; 
23 Sept., 839 
Welch, W. M. Manufacturing Co. 

1959: 23 Oct., 1113 

1960: 4 Mar., 675; 7 Oct., 967 


DESICCATORS 


New York Laboratory Supply Co., Inc. 
1960: 17 June, 1819 
Precision Scientific Co. 
1960: 19 Feb., 537; 22 Apr., 1244; 20 
May, 1552 


DISINTEGRATORS 


Instrumentation Associates 
1959: 23 Oct., 1152 
1960: 20 May, 1554 


DOSIMETERS 


Bausch & Lomb Optical Co. 
1960: 1 Jan., 8 

Cambridge Instrument Co., Inc. 
1960: 18 Mar., 844 


DRY BOXES 


American Sterilizer Co. 
1960: 22 July, 177; 23 Sept., 761 
Blickman, S., Inc. 
1960: 20 May, 1557 
Greiner, Emil, Co. 
1960: 19 Feb., 550 
Kewaunee Scientific Equipment 
1960: 19 Feb., 536 


EGG PUNCH 


Tri-R Instruments 
1960: 22 Apr., 1258 


ELECTROMAGNETS 


Harvey-Wells Electronics, Inc. 
1960: 18 Mar., 875; 22 Apr., 1225; 17 
June, 1825; 22 July, 249 


ELECTROMETERS 


Applied Physics Corp. 

1959: 6 Nov., 1266 

1960: 22 Jan., 235; 22 July, 236 
Nuclear-Chicago Corp. 

1960: 1 Apr., 1000 
Victoreen Instrument Co. 

1960: 22 Jan., 252 


ELECTROPHORESIS APPARATUS 


American Instrument Co., Inc. 
1959: 4 Dec., 1512 
Beckman Instruments, Inc., Spinco Div. 
1959: 13 Nov., 1278; 11 Dec., 1614 
1960: 8 Jan., 54; 22 Jan., 174; 11 Mar., 
684; 22 Apr., 1114; 13 May, 1394; 17 
June, 1776; 12 Aug., 374 ; 
Brinkman, C. A., & Co., Inc. 





1959: 6 Nov., 1219 
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NOW AVAILABLE FROM YEDA 
RESEARCH AND DEVELOPMENT 
COMPANY, LTD. (AT THE 
WEIZMANN INSTITUTE OF SCIENCE) 
IN THE WESTERN HEMISPHERE... 


Exclusively through 


SCHWARZ BIORESEARCH 


A GROUP OF HIGHLY SPECIALIZED 

AMINO ACID COMPOUNDS* PRODUCED BY 
THE YEDA RESEARCH AND DEVELOPMENT 
COMPANY, LTD. AT THE 

WEIZMANN INSTITUTE 


This unique group of over 80 compounds includes amino acid 
derivatives, peptides, polypeptides and 0** labelled amino acids, 
many of which are available in a choice of three grades of purity. 
Yeda is equipped to make to your order a host of specialized com- 
pounds. Inquiries are invited for quotations on any special require- 
ments of amino acid derivatives and peptides. All material is made 
in Israel and shipped to Schwarz by air. We assure prompt delivery 
to all parts of the world. 


* Among others: Carbobenzoxy Chloride (glacial ) «p-Nitro Cbz Chloride 
(crystalline) + t-Lysine Ethyl Ester Dihydrochloride - N-Cbz-t-Arginine 
* §-Cbz-L-Cysteine + N-Cbz-t-Tryptophan + Cbz-t-Leucyl Hydrazide - 
€-Cbz-t-Lysyl Benzyl Ester Hydrochloride + q-Phthaloyl-e-Cbz-t-Lysine 
* Cbz-L-Proline + Cbz-t-Glutamic Acid Anhydride + Poly-t-Aspartic Acid 
* Poly-L-Glutamic Acid - Poly-t-Lysine Hydrobromide 


Send us your requirements and write for our new, free catalog and price list. 
If in a rush, wire us at BIORE or call Mount Vernon 4-1100. 


SCHWARZ BIORESEARCH, INC. + Department JB, Mount Vernon, New York 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 








“HOT OFF THE PRESS” 


““THE INSIDE DOPE” WITH 
THE LATEST WORD ON 


SAFETY ENCLOSURES 
wg. MM. 






Our Hero displays, with 
justifiable pride, the catalog i 
which is truly “the last word” on /( 
Safety Enclosures... 

glove, vacuum and dry boxes; 

dust free enclosures; and 

controlled atmosphere systems. 


“The inside 
dope” is now a 
part of our 


service... try some. 





Write for your Me 
copy today “ai 


KEWAUNEE 
Yori =a hal aies 
ele i= 
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4004 Logan Street 


ADRIAN, 
| MICHIGAN 














NATIONAL 





APPLIANCE 


32 CUBIC FOOT 
INCUBATOR 


An economical investment for large 
volume incubation of tube and plate 
cultures. Excellent for classroom, in- 
cubators can be placed side by side. 
Will accommodate large containers 
such as 5-gal. carboys. 30 square feet 
of adjustable nickel-plated shelves. 
Additional shelves can be installed 
any time. 

Blower convects air through side wall 
ducts from bottom heating chamber 
to top and downward over work 
area. Fully instrumented. Tempera- 
ture controlled by hydraulic thermo- 
stat and limited by safety thermostat. 
Temperature—room to 65° C. Max. 
temp. differential 1° C. 

Interior white baked enamel—exte- 
rior durable light beige enamel over 
steel. Outside: 36” w., 30” d., 90” h. 
Inside: 31” w., 2444" d., 74” h, 2” 
fiberglas insulation. 1500 watts, 115, 
208, or 230 volts AC. 


Write for bulletin or catalog of com- 
plete N. A, line. 


NATIONAL 


MOOEL 3512 


» 
%LeED ENVIRO™ 


National Appliance Co 
7634 S.W. Capitol Hy. + Portland 19, Ore 


Eastern Sales 
H. Reeve Angel & Co., Inc 
9 Bride Well Pl, - Clifton, N. J 


APPLIANCE 
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E-C Apparatus Co. 
1959: 2 Oct., 869; 4 Dec., 1605 
1960: 22 Apr., 1255 
Kern Co. 
1959: 23 Oct., 1126; 4 Dec., 1594 
1960: 7 Oct., 964 
Microchemical Specialties Co. 
1960: 15 Jan., 169; 18 Mar., 851; 20 
May, 1551; 17 June, 1841 
National Instrument Laboratories, Inc. 
1959: 23 Oct., 1032 
1960: 18 Mar., 760 
Perkin-Elmer Corp. 
1959: 23 Oct., 1000 
Photovolt Corp. 
1959: 13 Nov., 1361; 20 Nov., 1431; 18 
Dec., 1717 
1960: 29 Jan., 307; 12 Feb., 425; 19 
Feb., 527; 18 Mar., 857; 22 Apr., 1231; 
20 May, 1559; 17 June, 1825; 22 July, 
245; 26 Aug., 563; 23 Sept., 839 
Schuler and Co., Schuco Scientific Div. 
1960: 19 Feb., 565; 23 Sept., 814 


EVAPORATORS 


Buchler Instruments, Inc., formerly 
Laboratory Glass & Instrument Corp. 

1959: 23 Oct., 1115 

1960: 22 Jan., 180; 19 Feb., 460; 22 
Apr., 1244; 20 May, 1565 
Instrumentation Associates 

1960: 18 Mar., 846 


EXTRACTORS 


VirTis Co., Inc. 
1960: 22 July, 180 


FERMENTOR DRIVE ASSEMBLY 


New Brunswick Scientific Co., Inc. 
1959: 2 Oct., 873; 6 Nov., 1268 
1960: 15 Jan., 165; 25 Mar., 943 


FILM, INTERFERENCE 


Fish-Schurman Corp. 
1960: 20 May, 1542 


FILM, BADGES 


Nuclear Corporation of America, 
Isotopes Specialties Co. 
1960: 26 Aug., 577 


FILTERS 


Custom Scientific Instruments, Inc. 

1960: 22 Jan., 234; 22 July, 236; 23 
Sept., 834 
Millipore Filter Corp. 

1959: 23 Oct., 1140; 13 Nov., 1362; 20 
Nov., 1430; 4 Dec., 1602 

1960: 22 Apr., 1257 
Reeve Angel 

1960: 23 Sept., 768 
Schleicher, Carl, & Schuell. Co. 

1960: 22 Apr., 1264 


FILTERS, INTERFERENCE 


Baird-Atomic, . Inc. 
1959: 4 Dec., 1603 
1960: 19 Feb., 531; 18 Mar.,. 792; 23 
Sept., 765 
Bausch & Lomb Optical Co. 
1960: 12 Feb., 384 
Fish-Schurman Corp. 
1959: 23 Oct., 1141 


SCIENCE, VOL. 132 




















1; 20 


July, 


5 22 


23 









1960: 19 Feb., 545; 22 Apr., 1236; 20 
May, 1542 
Photovolt Corp. 
1959: 30 Oct., 1203; 4 Dec., 1589 
1960: 1 Apr., 993; 8 July, 97; 2 Sept., | 
627 


FILTER PAPER 


New York Laboratory Supply Co., Inc. 

1959: 20 Nov., 1431 

1960: 18 Mar., 863 
Reeve Angel 

1960: 19 Feb., 454; 20 May, 1481 
Schleicher, Carl, & Schuell Co. 

1959: 23 Oct., 1133; 13 Nov., 1357; 4 
Dec., 1598 

1960: 22 Apr., 1264; 13 May, 1402; 17 
June, 1816 


FLASKS 


Bellco Glass, Inc. 
1959: 4 Dec., 1507; 18 Dec., 1713 
1960: 8 Jan., 113; 22 Jan., 255; 5 Feb., 
368; 19 Feb., 539; 3 June, 1689; 17 June, 
1842; 8 July, 94; 9 Sept., 684; 7 Oct., 970 
Corning Glass Works 
1960: 11 Mar., 745; 8 Apr., 
July, 100 
Doerr Glass Co. 
1959: 13 Nov., 1283 
F & M Scientific Corp. 
1960: 18 Mar., 766; 20 May, 1486; 23 
Sept., 827 
Falcon Plastics Co. 
1960: 1 July, 5 
Kimble Glass Co. 
1960: 15 Jan., 
Mar., 689 
Kontes Glass Co. 
1959: 23 Oct., 1120 
1960: 22 Jan., 253; 19 Feb., 558; 18 
Mar., 859; 22 Apr., 1228 


1011; 8 


523; 22 -Jan:; 183; -11 


FLOWMETERS, GAS 


Matheson Co., Inc. 
1959: 23 Oct., 1125 


FLUOROMETERS 


Coleman Instruments, Inc. 
1959: 23 Oct., 1047 
Farrand Optical Co., Inc. 
1959: 23 Oct., 1116; 13 Nov., 1361; 4 | 

Dec., 1607 

1960: 18 Mar., 844; 22 Apr., 1251; 22 
July, 235; 26 Aug., 571; 23 Sept., 821 
Klett Manufacturing Co. 

1959: 9 Oct. 931; 23 Oct., 1132; 20 | 
Nov., 1432; 18 Dec., 1717; 25 Dec., 1767 | 

1960: 1 Jan., 47; 29 Jan., 305; 11 Mar., | 
747; 25 Mar., 945; 22 Apr., 1236; 10 | 
June, 1746; 17 June, 1833; 26 Aug., 575; | 
9 Sept., 686 
Perkin-Elmer Corp., Instrument Div. 

1960: 15 Jan., 124 
Photovolt Corp. 

1959: 6 Nov., 1271 

1960: 15 Jan., 165; 26 Feb., 613; 11 
Mar., 747; 15 Apr., 1109; 13 May, 1457; 
27 May, 1628; 24 June, 1896; 1 July, 47; 
19 Aug., 477; 16 Sept., 749 
Thomas, Arthur H., Co. 

1960: 18 Mar., 888; 22 July, 260; 16 
Sept., 752 : 
Will Corp. 

1960: 19 Feb., 561 











CANALCO ANALYZERS 


TAKE THE 


LABOR 
WV Le] 7-V ee) S 4 





IN MICRO-CHEMISTRY 


the new 














Ultra-Microspectrophotometer 


Ultra-Microspectrophotometer gives fully 
automated quantitation, in both the 
visible and the U.V. for 


® cell components 





tissue extracts 

fluorescence 

micro-liquids (10-50 ul) 
interference microscopy 
autoradiographs 
micro-chromatography (10 ul flow 
cuvettes) 


Two Models 


1. Digital Ratio Reporter, for one and 
two wavelength analysis 

2. Absorption Curve Computer, 
spectral curve recording 


for 





a Micro-chemical Cuvettes | 





... IN FRACTION ANALYZING 


Base Compensating U.V. Flow Analyzer 


For automatic location and measurement of 


ultraviolet-absorbing materials in flow, with 
flat base line and full sensitivity maintained in 
the presence of U.V.-absorbing solvents. For 
use in column chromatography and other flow 


systems. 


FIVE MODELS for... 
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broadly absorbing materials 
specific wavelengths 
monochromatic density studies 


260/280 ratios 


simultaneous monitoring of one to eight 
columns at one or more wavelengths. 


Dept. SO/4940 St. Elmo Avenue, Bethesda 14, Maryland 





CANAL 
INDUSTRIAL 
CORPORATION 
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FRACTIONATORS 


E-C Apparatus Co. 

1959: 2 Oct., 869; 4 Dec., 1605 
Gilson Medical Electronics 

1959: 13 Nov., 1367 

1960: 18 Mar., 849 


FRACTION COLLECTORS 
AND ACCESSORIES 


Buchler Instruments, Inc., formerly 
Laboratory Glass & Instrument Corp. 
1960: 22 Jan., 180; 19 Feb. 460; 22 Apr., 
1221; 9 Sept., 684 
Gilson Medical Electronics 
1959: 13 Nov., 1367 
1960: 12 Feb., 427; 18 Mar., 849 


Hamilton Co., Inc. 

1959: 13 Nov., 1358 

1960: 19 Feb., 544; 24 June, 1897 
Microchemical Specialties Co. 

1959: 4 Dec., 1608 
National Instrument Laboratories, Inc. 

1960: 22 Jan., 251; 22 Apr., 1255 
Packard Instrument Co., Inc. 

1960: 1 Apr., 958; 27 May, 1582; 22 
July, 190; 2 Sept., 590 
Schaar and Co. 

1960: 20 May, 1557 


FREEZE-DRYING EQUIPMENT 


American Hospital Supply Corp., 
Scientific Products Div. 
1959: 4 Dec., 1521 
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- 
HOTPACK’S LABORATORY BATH 
GIVES YOU ABSOLUTE CONTROL 


.. . ACCURATE, ADJUSTABLE THERMOSTAT 
AUTOMATICALLY REGULATES BATH 
TEMPERATURES FROM AMBIENT TO 

125°C OR 0° TO 60°C (REFRIG) 


WITHIN + 0.2°C 


Hotpack’s quality engineered 


baths offer precisely-controlled, uniform 

temperatures for many laboratory cooling, heating 

and mixing requirements! A unique double-bank of 
heaters — individually controlled — bring operating 
temperatures quickly ... eliminate excessive differentials. 
Override, too, is prevented. Optional, built-in copper 
cooling coils lower fluid temperatures rapidly 

below ambient . . . ideally suited for low temperature 
processing! And a specially mounted motor stirrer 
agitates fluids evenly throughout open bath 
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area... you get optimum liquid uniformity. 
Every Hotpack bath is constructed of heavy duty 
stainless steel, and equipped with s/s tray, thermometer 
and mercurial thermostat . . . tailor made for economy 
and protection in many tough applications! 

For complete bath information write to: 


ig HUMIDITY OVEN 





SS <4 
a INCUBATOR 


5086 COTTMAN AVENUE + PHILADELPHIA 35, PA: 








American Sterilizer Co. 
1960: 22 July, 177; 26 Aug., 509; 23 
Sept., 761 
Buchler Instruments, Inc., formerly 
Laboratory Glass & Instrument Corp. 
1960: 18 Mar., 875; 22 Apr., 1231 
Repp Industries, Inc. 
1960: 19 Feb., 446; 22 Apr., 1122; 
Aug., 501 
Scientific Glass Apparatus Co., Inc. 
1960: 25 Mar., 942 
VirTis Co., Inc. 
1959: 23 Oct., 1038 
1960: 22 Jan., 184; 18 Mar., 771; 23 
Sept., 762 


26 


FUME HOODS 


Aloe, A. S., Co., Aloe Scientific Div. 
1960: 18 Mar., 879 

Blickman, S., Inc. 
1960: 20 May, 1557 


FUNNELS 


Nalge Co., Inc. 
1960: 1 Apr., 

VirTis Co., Inc. 
1960: 22 July, 180 

Will Corp. 
1960: 22 Apr., 1267; 27 May, 1625 


995 


FURNACES 


Hevi-Duty Electric Co. 
1959: 23 Oct., 1124; 4 Dec., 1592 
1960: 19 Feb., 542; 15 July, 156 
Lindberg Engineering Co. 
1960: 22 Apr., 1236; 20 May, 1565 
New York Laboratory Supply Co., Inc. 
1959: 20 Nov., 1431 


| Thermo Electric Manufacturing Co. 


1959: 23 Oct., 1121; 4 Dec., 1585 


FURNITURE, LABORATORY 


Ajusto Equipment Co. 
1960: 23 Sept., 846 
Aloe, A. S., Co., Aloe Scientific Div. 
1960: 18 Mar., 879 
Blickman, S., Inc. 
1960: 23 Sept., 830 
Brinkmann Instruments, Inc. 
1959: 27 Nov., 1486; 25 Dec., 1767 
Brunswick-Balke-Collender Co. 
1960: 17 June, 1835 
Central Scientific Co. 
1960: 12 Aug., 425 
Duralab Equipment Corp. 
1960: 18 Mar., 881; 17 June, 1827; 23 
Sept., 840 
Fisher Scientific Co. 
1959: 16 Oct., 992 
1960: 22 Jan., 189 
Graphic Systems 
1959: 13 Nov., 1354 
1960: 22 Jan., 242; 18 Mar., 870; 20 
May, 1554; 22 July, 242; 23 Sept., 845 
Harshaw Chemical Co. 
1959: 23 Oct., 1112; 13 Nov., 1346 
1960: 8 Jan., 112; 29 Jan., 306 
Johns-Manville 
1959: 9 Oct., 887; 6 Nov., 1215; 4 Dec., 
1523 
Kewaunee Scientific Equipment 
1960: 19 Feb., 536 
LABASCO 
1960: 17 June, 1818; 23 Sept., 820 
Laboratory Construction Co. 
1960: 23 Sept., 814 
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provides greater scope than flame 


This new Hilger & Watts 
equipment now offers an 
j analytical method virtually 
free from inter-element 
interference. Its accuracy 
is largely unaffected by 
flame temperature—the 
technique generally needs 
only one working curve 
per element. 


Atomic absorption spec- 
troscopy approaches the 
ideal more closely than 
any other method and has 


. Hilger H700 Uvispek 
been tested effectively in 


. Burner assembly 


. Atomizing chamber 


For additional information concerning this new equipment, ask for 


ATOMIC ABSORPTION INSTRUMENTATION 


photometry 





1 5. Sample holder 

2 6. Photo tubes 
many diverse fields. 3. Hollow Cathode Lamp rf 
4 8 


Controls and readout 


. Wave length drum 


Catalog CH 407 


ENGIS EquIPMENT COMPANY 


AFFILIATED WITH HILGER & WATTS, INC 


431 SOUTH DEARBORN STREET CHICAGO 5, ILLINOIS TELEPHONE: HARRISON 7-3223 











lens leaving the accelerating voltage 
unchanged. 


One of the outstanding features of the 
Hitachi HS-6 is the guaranteed resolu- 
tion of 20 Angstrom Units or better. 
The simplicity of operation, mechanics 
and circuitry makes the HS-6 an ideal 
Electron Microscope for the researcher 
in medical and biological fields. 


Your inquiries are invited at either our 
West Coast or East Coast offices, where competent sales personnel will 
answer your questions, and arrange a demonstration. 





the HITACHI HS-6 ELECTRON MICROSCOPE 


The Hitachi HS-6 permanent magnet Electron Microscope provides 
a continuously variable magnification range of 200x to 28,000x. 
Focusing is achieved by altering the magnetic flux of the objective 





ERB & GRAY SCIENTIFIC, Inc. Illustrated is a microphotograph e 


Cu-phthalocyanine, taken at 30,000X 


Exclusive Hitachi Distributors for the U. S. electronic 


magnification with the 


854 S. Figueroa St., Los Angeles 17, Calif. HS-6! 


501 Fifth Ave., New York 17, N.Y. 
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4, 


TOO MANY 
VARIABLES? 


It’s time to draw a line. 
Straighten out your cleaning 
problems with 


HAEMO-SOL 


There’s nothing like Haemo-Sol’s 
unique cleansing power and positive 
rinsing . . . it’s completely safe! No 
etching! No corroding of metal parts! 
Immediate Haemo-Sol bath for 
valuable volumetric and optical 
equipment prevents soil etching! 





Haemo-Sol guarantees clean laboratory 
glassware and apparatus— 


® removes the full range of lab- 
oratory soils 


effectively digests protenoid ma- 

terials . . . other types of poly- 

meric materials 

® assures free draining pipets... 
burets 

® gives sparkling clear surfaces 


for quartz and glass absorption 
cells 


® provides chemically clean reac- 
tion and titration flasks 

® leaves the clean surfaces that are 
a must for the smooth operation 
of fractionating columns and 
other pieces of laboratory equip- 
ment, 


And, just as important as its unique 
cleaning power, is Haemo-Sol’s high 
solubility and powerful solubilizing 
action. Haemo-Sol washed glassware 
rinses completely clean . . . nothing 
remains behind but a chemically clean, 
free drain- 
ing glass 
surface. 


Write 
TODAY for 
Sample and 
Literature. 





Distributed by 


MEINECKE & CO., INC. 


225 Varick Street Fi ¥ 
New York 14 7 

Soe 
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Lab-Tek Plastics Co. 

1959: 23 Oct., 1122; 4 Dec., 1582 
Metalab Equipment Co. 

1960: 19 Feb., 547 
Will Corp. 

1960: 20 May, 1516, 1517 


GALVANOMETERS 


Cambridge Instrument Co., Inc. 
1960: 23 Sept., 830 
Photovolt Corp. 
1959: 27 Nov., 1486; 25 Dec., 1767 
1960: 22 Jan., 251; 8 Apr., 1055; 13 
May, 1457; 15 July, 160 
Texas Instruments, Inc. 
1960: 18 Mar., 887 


GAMMA IRRADIATORS 


Atomic Energy of Canada Limited 
1959: 23 Oct., 1008; 4 Dec., 1520 
1960: 22 Jan., 178; 18 Mar., 782; 22 
Apr., 1150; 20 May, 1488 
Budd Co. 
1960: 9 Oct., 935 
Curtiss-Wright Corp., Princeton Div. 
1959: 23 Oct., 1143 
Victoreen Instrument Co. 
1959: 23 Oct., 1131 
1960: 22 Jan., 252; 19 Feb., 557; 29 
Apr., 1284; 20 May, 1490 


GAS CONTAINERS 


Union Carbide Corp., Linde Co. Div. 
1959: 18 Dec., 1718 
1960: 22 Apr., 1262; 12 Aug., 426; 7 
Oct., 962 


GAS FLOW CONTROL DEVICES 


Granville-Phillips Co. 
1960: 7 Oct., 970 


GAS METERS 


Thomas, Arthur H., Co. 
1959: 2 Oct., 876 


GAUGES, VACUUM 


Ace Glass, Inc. 

1960: 22 July, 237 
Central Scientific Co. 

1959: 27 Nov., 1485 
Greiner, Emil, Co. 

1960: 23 Sept. 853 
New York Air Brake Co., 

Kinney Vacuum Div. 

1960: 19 Feb., 533; 18 Mar., 849; 22 
Apr., 1225; 17 June, 1819; 19 Aug., 483 
Smith, Arthur F., Inc. 

1960: 17 June, 1844; 7 Oct., 968 


GAUSSMETERS 
Harvey-Wells Electronics, Inc. 
1960: 17 June, 1825 
GLASS, PLASTIC COATED 
Ace Glass, Inc. 
1960: 19 Feb., 529 
GLASS CUTTERS 


Standard Scientific Supply Corp. 
1960: 18 Mar., 862 





We hope, the next time 
you order organic > 
you'll specify MC&B 
We think there are som 
pretty fair advantages 
in specifying-our chemi 
cals. For example 
Convenience — the best 
Distributor Network an 
the business 
Dependable Purity 
Each lot checked to 
maintain purtty 


Complete Line 
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Welch, W. M., Manufacturing Co. 
1960: 1 Apr., 993; 2 Sept., 627 


GLASSBLOWING KIT 


Bethlehem Apparatus Co., Inc. 
1960: 17 June, 1832; 22 July, 234; 26 
Aug., 560 


GLASSWARE AND ACCESSORIES 


Ace Glass, Inc. 

1960: 22 Jan., 247; 19 Feb., 529; 18 
Mar., 855; 20 May, 1547 
Bellco Glass, Inc. 

1959: 4 Dec., 1507; 18 Dec., 1713 

1960: 8 Jan., 113; 22 Jan., 255; 22 Apr., 
1243; 6 May, 1385; 8 July, 94; 5 Aug., 
367; 19 Aug., 482; 9 Sept., 684; 23 Sept., 
850; 7 Oct., 970 
Corning Glass Works 

1959: 9 Oct., 891; 6 Nov., 1265; 13 
Nov., 1349; 4 Dec., 1527 

1960: 5 Feb., 322, 323; 11 Mar., 745; 
3 June, 1636; 8 July, 100; 5 Aug., 320; 9 
Sept., 687 
Doerr Glass Co. 

1959: 9 Oct., 883; 13 Nov., 1283; 4 
Dec., 1499 

1960: 26 Feb., 573; 18 Mar., 759; 15 
Apr., 1067; 13 May, 1403; 16 Sept., 700 
Fischer & Porter Co. 

1959: 13 Nov., 1287 

1960: 22 Jan., 194; 19 Feb., 457 
Harshaw Chemical Co. 

1959: 23 Oct., 1112; 13 Nov., 1346 

1960: 8 Jan., 112; 29 Jan., 306 
Kimble Glass Co. 

1959: 2 Oct., 823; 30 Oct., 1164; 6 Nov., 
1222; 20 Nov., 1375; 4 Dec., 1519; 18 
Dec., 1675 

196@: 15: Jan. $23;.:22:, Fan.,. 183; 11 
Mar., 689; 15 Apr., 1072; 10 June, 1701; 
8 July, 58; 9 Sept., 639 
Klett Manufacturing Co. 

1959: 2 Oct., 867; 16 Oct., 988; 23 Oct., 
1132; 6 Nov., 1269; 13 Nov., 1347; 2 
Nov., 1432; 27 Nov., 1486; 4 Dec., 1597; 
11 Dec., 1665; 18 Dec., 1717 

1960: 1 Jan., 47; 8 Jan., 115; 15 Jan., 
165; 22 Jan., 243; 29 Jan., 305; 5 Feb., 
368; 12 Feb., 425; 4 Mar., 676; 11 Mar., 
747; 1 Apr., 997; 8 Apr., 1051; 15 Apr., 
1106; 22 Apr., 1236; 29 Apr., 1325; 13 
May, 1452; 20 May, 1552; 27 May, 1626; 
3 June, 1687; 10 June, 1746; 17 June, 


1833; 24 June, 1896; 1 July, 47; 15 July, 
159; 22 July, 254; 29 July, 311; 12 Aug., 
429; 19 Aug., 477; 26 Aug., 575; 2 Sept., 
628; 9 Sept., 686; 16 Sept., 747; 23 Sept., 


850; 30 Sept., 905 
Kontes Glass Co. 

1959: 2 Oct., 826; 16 Oct., 985; 23 
Oct., 1120; 30 Oct., 1204; 6 Nov., 1220; 
13 Nov., 1366; 4 Dec., 1588 

1960: 22 Jan., 253; 19 Feb., 558; 22 
Apr., 1228 
Microchemical Specialties Co. 

1960: 22 Apr., 1222 
Scientific Glass Apparatus Co., Inc. 

1959: 23 Oct., 1026 

1960: 19 Feb., 466 
Thomas, Arthur H., Co. 

1960: 15 Apr., 1112 


GLOVES, DRY BOX 


Charleston Rubber Co. 
1960: 19 Feb., 534 
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Standard 8Y2 x 11 paper 
Unconditionally guaranteed for one year. 


RUGGED “All Purpose” X-Y RECORDER 

The HR-92 is a null-seeking servo-type plotter designed to draw curves in 
Cartesian coordinates on regular 8% x 11 graph paper. It employs con- 
ventional chopper amplifiers, 2-phase motors and a potentiometer rebalance. 
Reference voltages are furnished by mercury cells. Control panel has zero 
set and continuously-variable attenuator for each axis. Separate standby 
and power switches are provided. The two axes are electrically and 
mechanically independent. By moving an gare gaa lead, a high im- 
pedance potentiometer input can be made availab 


SPECIAL FEATURES: 


¢ Amplifiers easily removed if servicing ever becomes necessary. Electrical connec- 
tions all contained in two plugs for each amplifier. 


© Eee Mailer Channa! (achoding GAGUNAIG power supoly) Indoneedent of rest 
of system. ' 


houston instrument corporation 


4950 TERMINAL AVE., HOUSTON 27, TEXAS 
MOhawk 7-7405 





GLOVES, POLYETHYLENE 


National Appliance Co. 


1960: 20 May, 1539 
Research Associates, Inc. 


1960: 20 May, 1568 
GYROSCOPES 


Central Scientific Co. 
1959: 30 Oct., 1203; 4 Dec., 1581 


GONIOMETERS 


LaPine, Arthur S., and Co. 
1690: 22 Apr., 1229 


HAND TORCHES 


GROWTH CHAMBERS Bethlehem Apparatus Co., Inc. 

American Sterilizer Co. 1960: 20 May, 1556 
1960: 22 July, 177; 23 Sept., 761 

Delmar Scientific Laboratories 
1959: 23 Oct., 1028 

Labline, Inc. 


1960: 20 May, 1545 


HEATERS 


Research Specialties Co. 
1959: 16 Oct., 986 








Flexible and expandable to fit your needs 


FOR TODAY'S EXACTING ANALYSES 


RSCo Modular Systems are employed for their 
outstanding versatility and operational conven- 
ience in numerous government, university 
and industrial laboratories. 

There is a high quality module for every 
major function in gas chromatography. Start 


with ones for your present needs and add to 
the system as other needs arise. 


FOR TOMORROW'S 
IMPROVED METHODS 


RSCo Modular Systems give 
unequaled ease of expansion 
with space for internal acces- 
sories, connections of exter- 
nal modules. 

You buy progress, not obso- 
lescence, with RSCo Mod- 
ular Systems. 

Send for your key to com- 
plete flexibility in gas chrom- 
atography — our 69-page 
catalog of Gas Chromatog- 
raphy Equipment. 








0 RESEARCH SPECIALTIES CO. 


200 South Garrard Boulevard, Richmond, California 
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Scientific Glass Apparatus Co., Inc. 
1960: 25 Mar., 942 

Thermo Electric Manufacturing Co. 
1959: 23 Oct., 1121 


HEATING TAPES 


Standard Scientific Supply Corp. 
1960: 22 July, 256 


HOMOGENIZERS 


Instrumentation Associates 
1960: 22 Apr., 1248 
Sorvall, Ivan, Inc. 
1960: 20 May, 1561; 22 July, 231; 26 
Aug., 567 
Tri-R Instruments 
1959: 23 Oct., 1137 
1960: 19 Feb., 555 
VirTis Co., Inc. 
1959: 23 Oct., 1038 
1960: 20 May, 1476; 17 June, 1773 


HOT PLATES 


Central Scientific Co. 

1960: 26 Feb., 619; 17 June, 1838 
Lindberg Engineering Co., Laboratory 
Equipment Div. 

1960: 22 Jan., 237 
Precision Scientific Co. 

1960: 19 Feb., 527 
Thermo Electric Manufacturing Co. 

1959: 23 Oct., 1121 


ILLUMINATORS 


American Optical Co. 
1960: 26 Feb., 622; 23 Sept., 856 
Bausch & Lomb Optical Co. 
1960: 26 Feb., 578 
Burton Manufacturing Co. 
F959: 23! Oe, LISS 
1960: 19 Feb., 552; 22 Apr., 1224 
Hacker, William J., & Co., Inc. 
1960: 22. Apr., 1126 


INCINERATORS 


Phipps & Bird, Inc. 
1960: 26 Aug., 575 


INCUBATORS 


National Appliance Co. 

1959: 23 Oct., 1118 

1960: 5 Feb., 362; 6 May, 1388; 26 
Aug.; 556; 23 Sept., 847 
Precision Scientific Co. 

1959: 4 Dec., 1588 

1960: 18 Mar., 846; 20 May, 1540; 26 
Aug., 568 


INFUSION APPARATUS 
Will Corp., Bronwill Scientific Div. 
1960: 10 June, 1749; 23 Sept., 849 
INJECTORS 
Foringer & Co., Inc. 
1960: 7 Oct., 971 
INTERFEROMETERS 


Central Scientific Co. 
1959: 11 Dec., 1666 
1960: 15 Jan., 164; 17 June, 1833 
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2S|!} types of 
SAFETY ENCLOSURES 


for handling hazardous substances 


VACUUM 
DRY BOX 


for work in con- 
trolled atmosphere 
e sloping front ¢ 
round autoclave- 
type air lock. 



































Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
6910 GREGORY AVENUE, WEEHAWKEN, N. J. 





UNITIZED 
ENCLOSURES 


Low in cost « 
Stainless steel 
¢ Modular 
construction 
adapts to many 
uses. 


CALIFORNIA-TYPE 
FUME HOOD 
For handling radioac- 
tive materials « dual- 
sided for double oper- 
ation. 








MICRO-BIOLOGICAL 
—- SAFETY CABINET 


€ Backor top mount- 
ing of biological fil- 
ter canister ¢ air 
lock if wanted. 


BLICKMAN SAFETY ENCLOSURES 


Look for this symbol of quality (EICGriE a 
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PRESENTS 
A NEW anpb 
BETTER 
MSLEOD 

GAGE. 





READS 
EASIER 


USES LESS 
MERCURY 


PANEL OR 
PORTABLE 
MOUNT 


SEPARATE 
CAPILLARIES 


2 SCALES 
150 mm to 2 mm 
2,000u to Tu 


ACCURATE 
LIGHT IN WEIGHT 
COMPACT 


The KINNEY McLeod Gage answers 
the many objections to other gages 
now in use. Its advanced design com- 
pacts superior performance into a rug- 
ged, versatile instrument that may be 
permanently mounted on bracket, tank, 
panel or pipe or, by affixing demount- 
able legs, used as a portable unit. 

The KINNEY McLeod Gage covers a 
broad range of pressures... accurate 
readings from 150 mm Hg to i Micron 
Hg. This exceptional range of pressure 
readings is achieved by incorporating 
two separate capillaries having sepa- 
rate compression ratios, making avail- 
able measurements of 150 mm to 2mm 
and 2,000 microns to 1 micron. Unlike 
other McLeod Gages, the reading cap- 
illary tubes are completely separate 
and replaceable—easily detached from 
the main body at the knurled sealing 
glands. Because these tubes are repro- 
ducible, complete accuracy between 
each gage is assured. 

The KINNEY McLeod Gage requires 
less mercury and it is supremely sim- 
ple to add mercury, remove it for 
cleaning or recharge the gage. Opera- 
tion requires no special skill .. . read- 
ings are achieved quickly, easily and 
confidently. Write for full information 
and prices today. 


Get all the facts on the NEW KINNEY McLEOD GAGE. Write today! 


KINNEY vacuum DIVISION 





THE NEW YORK AIR BRAKE eh) 
3538K WASHINGTON STREET + BOSTON 30 - MASS. 


Please send me Bulletin No. 3821.1 and prices on the 
KINNEY McLeod Gage. 


Name 





Company 





Address 





City 


State 














i (‘ATE 
EATON - DIKEMAN 


FILTER PAPER 
Used in 7 out of 
10 laboratories 





HERE'S WHY! 


@ Complete range — whatever rapidity, 
and retention characteristics. you desire, 
chances are there’s a standard E-D paper 
available. Made with smooth or creped 
surfaces, in plain or fluted circles, in strips, 
or rolls, or cut to your individual require- 
ments. 


e@ Highest purity — only the purest pulp 
available is used. 


e@ Uniform quality — every step of the 
manufacturing process is carefully con- 
trolled and checked. 


e Excellent wet strength — special resins 
incorporated. 


e Complete technical service — whatever 
your filtering problemi may be, Eaton- 
Dikeman with its broad background of 
more than seventy years of manufacturing 
filter papers exclusively, can probably 
solve it. 


Also available—papers for chromatography 
and electrophoresis, as well as bibulous and 
lens papers. Write 
for free samples. 


EATON-DIKEMAN CO. 
Mount Holly Springs, Pennsylvania 
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KYMOGRAPHS AND ACCESSORIES 


Phipps & Bird, Inc. 

1959: 23 Oct., 1109; 13 Nov., 1367; 4 
Dec., 1607 

1960: 4 Mar., 675; 11 Mar., 743; 25 
Mar., 943; 1 Apr., 997; 8 Apr., 1051; 10 
June, 1743; 17 June, 1842; 24 June, 1893; 
a guy, 545-8 July, 94; 15 Tuly; 1613-7 
Oct., 967 


LABELS, TIME 


Professional Tape Co., Inc. 

1960: 4 Mar., 675; 11 Mar., 744; 18 
Mar., 873; 25 Mar., 938; 1 Apr., 993; 29 
Apr., 1327; 6 May, 1386; 27 May, 1626; 
3 June, 1684; 24 June, 1893; 2 Sept., 628; 
23 Sept., 846; 7 Oct., 972 


LABELS, MICROSCOPIC SLIDE 


Professional Tape Co., Inc. 

19D9: 16 Oct., 987; 23> Oct., 1113; 13 
Nov., 1368; 20 Nov., 1437; 4 Dec., 1583; 
11 Dec., 1663 

1960: 8 Jan., 113; 22 Jan., 243; 5 Feb., 
365; 19 Feb., 549; 11 Mar., 743; 25 Mar., 
pat; tS Apr, 1106; 20°May, 1537; 17 
June, 1823; 16 Sept., 749 


LABORATORY EQUIPMENT 


Analytical Equipment, Inc. 
1959: 23 Oct., 1144 
Fisher Scientific Co. 
1959: 23 Oct., 1020 
1960: 20 May, 1571; 23 Sept., 777 
Standard Scientific Supply Corp. 
1960: 7 Oct., 966 


Will Corp. 
1959: 23 Oct., 1127 
1960: 20 May, 1516, 1517 


LABORATORY EQUIPMENT, PLASTIC 


Bel-Art Products 
1960: 19 Feb., 555 


| Burdick & Jackson Laboratories 


1960: 22 Apr., 1259 
Falcon Plastics Co. 
1959: 23 Oct., 1035 


1960: 19 Feb., 534; 24 June, 1860; 1 
July, 5 
Nalge Co., Inc. 

1960: 19 Feb., 532; 18 Mar., 872; 22 


Apr., 1227;, 20 May, 1564; 1 Apr., 995; 
17 June, 1824; 22 July, 248; 26 Aug., 570; 
23 Sept., 824 
Thomas, Arthur H., Co. 

1959: 18 Dec., 1714 


LABORATORY JACK 
Central Scientific Co. 
1999.25. Oct., 1144; 18 Déc., 1713 
LAMPS 
Aristo Grid Lamp Products, Inc. 
1960: 22 Apr., 1252 
Ultra-Violet Products, Inc. 
1959: 23 Oct., 1151; 4 Dec., 1592 
MACHINE TOOLS 


American-Edelstaal Unimat Division 
1959: 23 Oct., 1118; 13 Nov., 1365; 
4 Dec., 1593; 11 Dec., 1667 


1960: 22 Jan., 244; 
Mar., 874; 17 June, 1840; 22 July, 246; 
26 Aug., 562 


19 Feb., . 542; 38 


MACROSCOPES 


Bausch & Lomb Optical Co. 
1959: 23 Oct., 1050; 4 Dec., 
1960: 29 Jan., 268; 1 July, 8 
Ednalite Optical Co., Inc. 
1959: 4 Dec., 1504 


1534 


MANIKIN, RADIATION-EQUIVALENT 


Atomic Accessories, Inc. 
1959: 23 Oct., 1004 


MANOMETERS 


Ace Glass, Inc. 
1960: 22 July, 237 
Greiner, Emil, Co. 
1960: 20 May, 1556 
Phipps & Bird, Inc. 
1959: 23 Oct., 1109 


MATERIALS TESTING EQUIPMENT 


Instron Engineering Corp. 
1960: 18 Mar., 839; 22 Apr., 1140; 24 
June, 1899 


MEASURING EQUIPMENT, 
PHYSIOLOGICAL 


American Hospital Supply Corp. 
1960: 18 Mar., 761 
Beckman Instruments, Inc., Spinco Div. 
1960: 8 July, 54; 9 Sept., 634 
Biophysical Electronics 
1960: 19 Feb., 556; 22 Apr., 1252; 20 
May, 1562 
Precision Instrument Co. 
1960: 17 June, 1822; 22 July, 255 
Riseman Development Laboratory 
1960:. 26 Aug., 572; 23 Sept., 850 


MELTING POINT APPARATUS 


LaPine, Arthur S., and Co. 
1960: 19 Feb., 560; 22 Apr., 1229; 17 
June, 1840 
Standard Scientific Supply Corp. 
1960: 23 Sept., 842 
Thomas, Arthur H., Co. 
1959: 23 Oct., 998 


MICROANALYSIS EQUIPMENT 


Ace Glass, Inc. 
1960: 20 May, 1547 
Aloe, A. S., Co., Aloe Scientific Div. 
1959: 4 Dec., 1600 
1960: 5 Feb., 365 
Beckman Instruments, Inc., Spinco Div. 
1960: 8 July, 54; 9 Sept., 634 
Brinkmann Instruments, Inc. 
1959: 13 Nov., 1359 
1960: 23 Sept., 770 
Brunswick Corp., Aloe Scientific Div. 
1960: 22 July, 243 
Corning Glass Works 
1959: 13 Nov., 1349 
Hamilton Co., Inc. ; 
1960: 22 Apr., 1234; 22 July, 253 
Harvard Apparatus Co., Inc. 
1959: 13 Nov., 1368 
Kontes Glass Co. 
1959: 2 Oct., 826; 4 Dec., 1588 
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Tester Model 25 for Checking and Adjusting pH Meters 
A compact, inexpensive instrument without batteries; for checking 
performance of PHOTOVOLT and other pH meters. Requires neither 
electrodes nor buffers. Write for Bulletin #138 $68 


Two-way pH Meter 
Model 85 


e Single range 0-14, scale length 3”, 
readable to 0.05 pH Unit. 
¢ Available — compact battery pack 
for field use ($38.00 addtl.). 
¢ Fully stabilized, simple, usable with 
all types of electrodes. 
Write for Bulletin #195 


$135 



















Standard Laboratory 
pH Meter Model 115 


* Single range 0-14, scale length 
4”, readable to 0.05 pH unit. 

¢ Temperature control 20-100° 
C., available with carrying case. 

¢ Additional millivolt scale for 
redox measurements and 
titrations. 


Write for Bulletin #225 
$175 


PHOTOVOLT 


Electronic pH METERS 














WW 


A complete line of pH meters, incorporating permanently fric- 


tionless taut-suspension indicating meters, modern electronic 


tubes and circuits. Simple in operation and maintenance; 
featuring sealed amplifier plug-in units. 


High Precision 
pH Meter Model 110 


¢ Single range 0-14, scale length 
7”, readable to 0.02 pH unit. 

¢ Temperature control 0-100° C., 
voltage selector for 80-260 volts. 

¢ Available — carrying cover and 
baseboard for bottles, beakers. 


Write for Bulletin #105 





Portable pH Meter 
Model 125 


e Single range 0-14, scale length 
542”, readable to 0.03 pH unit. 
¢ Only 3 batteries, standard radio 
type, 2,000 hours of service. 
e Available — carrying frame for 
instrument, beakers, bottles. 
Write for Bulletin #118 


$195 


VOLT 
A T(t @&a@ 
venue, New York 16, N.Y. 












Many phases of physiological research require apparatus 

which will effect the uniform and predictable flow 
p ij Ay p F ct of liquids and gasses. To meet such situations, Harvard 

Apparatus Co., Inc., makes available, at the lowest 


possible cost, an extremely wide range of pumping 
equipment. 


p HYSIOI 0 Gl CAI In addition to providing the standard pumps described 
below, Harvard Apparatus Co., Inc., can also manu- 
facture to order special apparatus needed in unusual 
situations. Inquiries are invited. 


All pumps are made with the same fine workmanship 
and materials that have characterized the Company’s 
equipment for so many years. Each pump will per- 
form exactly as specified and will give years of trouble- 


INFUSION-WITHDRAWAL PUMPS 

All pumps in this group are operated by synchronous re- 
versing motors and achieve the transfer of liquids by means 
of motor-driven mechanisms acting on standard Luer-Lok 
syringes. The syringe piston is attached to a weighted half- 
nut which rests on a precision-cut lead screw. As the screw 
turns, a very uniform intake or discharge of liquid takes 
place. Pre-set limit stops automatically stop pumping action. 

Single, dual and multiple syringe models are available, 
ranging from simple types designed for either infusion or 
withdrawal to those performing both operations continuously 
and automatically over extended periods of time. 


Both single and multi-speed models are available. The 
multi-speed pumps are equipped with a transmission which 
provides 12 separate speeds and 72 pumping rates using 
syringes from 50 to 2 cc. size. Single speed units deliver 
one fixed speed and 6 pumping rates using syringes in the 
same range of sizes. A range of motors from 1 to 1800 


R.P.M. is available. 


HARVARD APPARATUS CO.,INC. > 


RESPIRATION PUMPS 

These are motor-operated, positive displacement pumps 
for use with small mammals. Air or gas is drawn into a 
cylinder in one half of the cycle and delivered to the animal 
in the next half of the cycle. The stroke volume is ad- 
justable mechanically from 30 to 750 cc. per stroke. A motor- 
operated slide valve provides separate ports for inspiration 
and expiration. The expired air may be collected or recycled 
at the slide valve. 

Single and multi-speed models are available. In the latter, 
motor and speed control box produce rates continuously ad- 
justable from 7 to 50 strokes per minute. The single speed 
model produces a fixed rate of 22 strokes per minute. 


PERISTALTIC PUMPS 


These are heavy-duty units achieving the continuous flow 
of liquids by means of peristaltic action on the outside of 
rubber tubing. 


Catalog 1960-61 and Data Sheets are available on request. 


(a non-profit organization) 
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Dover, Mass., U.S.A. 
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Write tor Gilmont Ultramicroburet 
Descriptive Bulletin 


1 + 1 ml 
100,000 — 1,000,000 


LMM RAH ALVA/E Ee 


20-26 N. MOORE STREET (6,40, | NEW YORK 13, N.Y 


NE PHOENIX MODEL K-5000-A 


AMINO ACID ANALYZER 


ILMONT ULTRAMICROBURET 


GC 








Now Available 
For Combined 
Analytical— 

Preparative 
Analysis 


With the 


MODEL 9900 
STREAM 
SPLITTING 
SYSTEM 


| P | » | | write Dept. K for 


PHOENIX PRECISION INSTRUMENT COMPANY Bulletin K 5000-A 

















3803-05 NORTH FIFTH ST., PHILADELPHIA 40, PENNSYLVANIA 
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Macalaster Bicknell Co. 
1960: 22 Apr., 1261 
Microtech Services Co. 
1959: 2 Oct., 872 
Phipps & Bird, Inc. 
1960: 26 Aug., 575 
Sauter, August, of New York, Inc. 
1960: 26 Aug., 554 
Stoelting, C. H., Co. 
1960: 20 May, 1568; 23 Sept., 833 
VirTis Co., Inc. 
1960: 22 July, 180 
Will Corp., Bronwill Scientific Div. 
1960: 4 Mar., 676; 15 Apr., 1108; 20 
May, 1557; 17 June, 1838; 19 Aug., 489 


MICROBIOLOGICAL MEDIA 


Colorado Serum Co. 

1959: 23 Oct., 1132; 13 Nov., 1363; 4 
Dec., 1597 

1960: 15-Jan., 165; 19 Feb., 537; 18 
Mar., 857; 22 Apr., 1226; 9 Sept., 681 
Difco Laboratories 

1959: 23 Oct., 1113; 13 Nov., 1351; 18 
Dec., 1713 

1960: 22 Jan., 255; 19 Feb., 527; 18 
Mar., 853; 22 Apr., 1221; 20 May, 1537; 
17 June, 1833; 22 July, 239; 26 Aug., 
563; 23 Sept., 833 
Hyland Laboratories 

1960: 22 Jan., 236; 19 Feb., 562; 18 
Mar., 876; 22 Apr., 1243; 20 May, 1559; 
17 June, 1815; 22 July, 232; 26 Aug., 559; 
23 Sept., 817 


MICROMANIPULATORS 


Aloe, A. S., Co., Aloe Scientific Div. 
1959: 4 Dec., 1600 
1960: 5 Feb., 365 

Brinkmann Instruments, Inc. 
1959: 13 Nov., 1359 

Brunswick Corp., Aloe Scientific Div. 
1960: 22 July, 243 

Stoelting, C. H., Co. 
1960: 20 May, 1568; 23 Sept., 833 


MICROSCOPES 


American Optical Co. 

1959: 20 Nov., 1440 

1960: 29 Jan., 312; 11 Mar., 750; 12 
Feb., 432; 17 June, 1848; 26 Aug., 580; 
7 Oct., 976 
Bausch & Lomb Optical Co. 

1959: 18 Dec., 1680 

1960: 15 July, 114; 26 Aug., 518 
Cooke, Troughton & Simms 

1960: 18 Mar., 768; 8 Apr., 1012; 29 
Apr., 1276; 20 May, 1469; 12 Aug., 384; 
9 Sept., 686; 23 Sept., 767; 7 Oct., 972 
Elgeet Optical Co., Inc., Scientific 
Instrument and Apparatus Div. 

1959: 23 Oct., 1016; 4 Dec., 1514 

1960: 19 Feb., 465; 22 Apr., 1120; 10 
June, 1699; 22 July, 185; 5 Aug., 318; 19 
Aug., 491; 2 Sept., 631; 16 Sept., 698; 7 
Oct., 914 
Graf-Apsco Co. 

1959: 13 Nov., 1363 

1960: 5 Feb., 365; 18 Mar., 879; 16 
Sept., 747 
Hacker, William J., & Co., Inc.. 

1959: 23 Oct., 1010 

1960: 22 Jan., 185; 19 Feb., 449; 22 
Apr., 1126; 26 Aug., 500; 23 Sept., 763 
Lafayette Radio 

1959: 23 Oct., 1012 
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SAUTER 


EXCLUSIVE 

Monopan weights are 
in the bottom. Unlike 
other balances with } 
weights on top, Mono- 

pan has no unneces- 
sary swing. With 
Monopan, all downward 
force is compensated 
by equal upward thrust. 
Since weights are 
situated within the 
angle prescribed by 
pan, oscillationis mini- : 
mized. 


efficient use of the reliable principle of 
mass. 
Several exclusive features: 


change in ‘‘free weighing"’ position. 
Load pan and substitution weights 


Suspended side sliding doors. No du 
trapping grooves. 


No obstructive front corner posts. 


and steady forearm on table. 


p 
Tare Cap. (add.) 
Range of opt. scale 110 mg 
Readability (per vernier div.) 0.1 mg 
Accuracy diff. weighings 
within opt. range 
Size: 
Net Wt.: 
Shipping Wt.: 





57 Ibs. 


Write for Illustrated Literature 


AUGUST SAUTER ° 


866 WILLIS AVENUE 
ALBERTSON, L.1., N.Y. 
Ploneer 6-0254 
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+ eliminates 


re 


» Glare. 
* Situated 


maximum 
reading 
ease in 


of 


Qnopan 


ANALYTICAL BALANCE 
3 


es 
A single pan Analytical Balance making most 


sub- 


stitution weighing for the determination of 


Very precise « Extremely stable « Remarkably 
simple. 


¢ Three position arrestment system pro- 
vides positive locking of weight ex- 


on 


separate stirrups minimize oscillation. 


st- 


All controls at base. Operator can rest 


Cap. 200 grams 
30 grams 


0.03 mg 
101” x 18” x 18” 
45 Ibs. 


FN.Y., 


INC. 











1959: 2 Oct., 818; 16 Oct., 938; 6 
Nov., 1210; 20 Nov., 1374; 27 Nov., 1444; 
18 Dec., 1674 

1960: 1 Jan., 2; 15 Jan.,. 122; 5 Feb. 
314; 18 Mar., 752; 1 Apr., 950; 15 Apr., 
1062; 6 May, 1334; 17 June, 1754; 1 
July, 2; 15 July, 106; 19 Aug., 434; 2 
Sept., 582 
Lumiscope Co. 

1959: 23 Oct., 1129; 4 Dec., 1597 
United Scientific Co. 

1959: 23 Oct., 1076; 11 Dec., 1616; 
18 Dec., LL 

1960: 22 Jan., 176; 29 July, 264 
Wild Heerbrugg Instruments, Inc. 

1959: 23 Oct., 1046; 6 Nov., 1218; 20 
Nov., 1435; 4 Dec., 1530 

1960: 8 Jan., 68; 22 Jan., 230; 26 Feb., | 

| 614; 11 Mar., 694; 18 Mar., 796; 22 Apr., 
1260; 13 May, sg Pay June, 1700; 24 
June, 1858; 8 July, 22 July, 250; 19 
Aug., 486; 26 Aug., Se: 9 Sept., 685; 23 
Sept., 828 
Zeiss, Carl, Inc. 

1959: 9 Oct., 893; 23 Oct., 1023; 13 
Nov., 1288 

1960: 26 Feb., 621; 18 Mar., 789; 13 
May, 1459; 5 Aug., 371 





1959: 23 Oct., 1123; 4 Dec., 1601 

1960: 22 Jan., 243; 22 July, 233 
Erb & Gray Scientific, Inc. 

1959: 4 Dec., 1522; 11 Dec., 1663 } 

1960: 22 Jan., 188; 19 Feb., 549; 4 
Mar., 673: 18 Mar., 853; 27 May, 1629; 
8 July, 97; 26 Aug., 565; 23 Sept., 833 
Hitachi, Ltd. 

1960: 26 Feb., 615; 25 Mar., 939; 15 
July, 155 
National Instrument Laboratories, Inc. 

1960: 23 Sept., 758 
Philips Electronics, Inc. 

1959: 23 Oct., 1040; 4 Dec., 1526 

1960: 18 Mar., 780; 22 Apr., 1136 
Siemens New York, Inc. 

1959: 23 Oct., 1155; 4 Dec., 1611 
MICROSCOPES, POLARIZING 
American Optical Co. 

1960: 8 Apr., 1060; 12 Aug., 432 

| Leitz, E., Inc. 

1960: 5 Aug., 314 
United Scientific Co. 

1959: 27 Nov., 1484 

1960: 15 Jan., 168; 26 Feb., 616; 8 
Apr., 1054; 3 June, 1688; 8 July, 98; 12 


| Aug., 


Leitz, E., Inc. 


MICROSCOPES, ELECTRON 


Bendix Aviation Corp., Cincinnati Div. 


427; 2 Sept., 626 
Zeiss, Carl, Inc. 


1960: 8 July, 56 


| MICROSCOPES, STERE¢ 


American Optical Co. 

1959: 23 Oct., 1156 

1960: 1 Jan., 52; 25 Mar., 
1392; 23 Sept., 856 
Bausch & Lomb Optical Co. 


948; 6 May, 





1959: 23 Oct., 1050; 20 Nov., 1382; 4 
Dec., 1534 
1960: 29 Jan., 268; 26 Feb., 578; 6 
May, 1340; 1 July, 8; 12 Aug., 386; 23 

Sept., 784 
Cooke, Troughton & Simms, Inc. 
1960: 29 Apr., 1276; 20 May, 1469 
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HUT 


VARIABLE 


OA AD 


DEVICE* 
produces any buffer requirement in pH 
or concentrdfion for chromatography 


Elke ’ 7 


DISCRETE BUFFER CHANGEOVERS 


asanexample... 





to pH 5.28 
to pH 4.25 
from pH 25 . usual in 


AMINO ACID CHROMATOGRAPHY 
instead the Autograd automatically sup- 
pties a buffer gradient in a continuous, 
uninterrupted flow.** 


$<, 
@ « 


The Autograd’ starts the column elution Jetvaria at 
~ pH 3.05, as shown above, and progressively in a con- 
~ tinuous flow, increases to pH 6.85. Not only is each 
Ss ‘Giscrete buffer valve s produced, but the 
resulting gradient includes all of ‘ae 

values as graphed pelen,. me 








































arrangement of pH 
values inthe 
AUTOGRAD 
automatically 
produces the gradient 
below. 
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AutoGrad Buffer Gradient = 
(increased progressively) 

* r-->e-en 5.2 

— 3 104.25 

i , 34 3.08) «<<< n geo wn noe om 

bees Discrete Buffer Changeover tay 

a (step by step) # 





ped at the National Can- 
cer oF Ww 2 37, Y 
of Health, U. S. Department of 
Health, Education, and Welfare, 
“Public Health Service, Bethesda, 
Maryland. 
**Procedure developed by 
Karl A. Piez, National Institute 
of Dental Research, National 
Institute of Health. 
*Reference: “Variable Gradient 
| Device for Chromatography”, 
| E. A. Peterson and H. A. Soberg 
- Anal, - ee Vol. a No. 34, | 
_ May 1959. 
Send for adhere No. AGI 
and further Data, to 











Technicon Chromatography Corp. 
fod ar-(elalet-5 am. [3 me Cola. 


Research Park - 


Edmund Scientific Co. 

1959: 9 Oct., 886; 6 Nov., 1221 

1960: 8 Jan., 69; 19 Feb., 459; 27 May, 
1631; 17 June, 1764; 22 July, 259; 26 
Aug., 508; 23 Sept., 855 
Sobotka, Eric, Co. 

1960: 13 May, 1450; 20 May, 1540; 3 
June, 1686; 9 Sept., 688; 23 Sept., 845; 
7 Oct., 964 
United Scientific Co. 

1959: 2 Oct., 871; 20 Nov., 1432 

1960: 22 Jan., 176; 12 Feb., 425;, 11 
Mar., 744; 18 Mar., 754; 15 Apr., 1064; 
29 Apr., 1327; 10 June, 1747; 22 July, 
2333 26 Aug., 272;2o. pela -490;..7 Oct., 
970 
Wild Heerbrugg Instruments, Inc. 

1959: 9 Oct., 890 


1960: 29 Jan., 263; 12 Feb., 380; 27 
May, 1627; 12 Aug., 378 


MICROSCOPES, STUDENT 


Bausch & Lomb Optical Co. 

1960: 22 Apr., 1164; 3 June, 1640; 23 
Sept., 784 
Edmund Scientific Co. 

1959: 27 Nov., 1446; 4 Dec., 1506 

1960: 19 Feb., 459 
Elgeet Optical Co., Inc., Scientific 
Instrument and Apparatus Div. 

1959: 13 Nov., 1301 

1960: 22 Jan., 186; 18 Mar., 793; 20 
May, 1487; 10 June, 1699; 22 July, 185; 
5 Aug., 318; 19 Aug., 491; 2 Sept., 631; 
16 Sept., 698; 7 Oct., 914 








WARBURG APPARATUS 


by 





This version of the GME-Lardy Circular Warburg apparatus has a specially 
constructed water bath with a transparent plastic bottom. 30-watt reflec- 
tor spotlights are suitably placed beneath the bath, providing 1000 to 


1400 foot-candles on each flask. 


e Excursion continuously variable from 0 to 5 cm. 


@ Shaking rate continuously variable from 75 to 150 per minute 


e Temperature range ambient to 50° C. 


e Accommodates 18 manometers, 16 of them with lights 
© Accurate temperature control, better than +.02° C, 


@ Diameter: 26 inches 


Unlimited rotation when lights are not used. Refrigerated models also 
available, as well as a somewhat smaller model with accommodations for 
14 manometers, 12 of them with lights. 


Gilson Medical Electronics 


Middleton, Wisconsin 
(On Madison's West Beltline Highway) 
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Graf-Apsco Co. 
1959; 23 Oct., 1121; 4 Dec., 1595 
1960: 22 Jan., 237; 19 Feb., 563; 22 
Apr., 1244; 20 May, 1549; 9 Sept., 686; 
23 Sept., 816 
Leitz, E. Inc. 

1959: 23 Oct., 1033; 
Science Materials Center 
1959: 6 Nov., 1217 

United Scientific Co. 
1959: 23 Oct., 1076, 1077; 13 Nov., 1280 
1960: 19 Feb., 436; 4 Mar., 677; 1 

Apr., 996; 18 Mar., 754; 15 Apr., 1064; 

22 Apr., 1246; 13 May, 1454; 20 May, 

1562; 27 May, 1576; 24 June, 1852; 15 

July, 156; 29 July, 264; 19 Aug., 436; 16 

Sept., 748; 30 Sept., 902 


18 Dec., 1674 


MICROSCOPES, TELEVISION 


Brinkmann Instruments, Inc. 
1960: 19 Feb., 467; 18 Mar., 774 


MICROSCOPE ACCESSORIES 


American Hospital Supply Corp. 
1960: 19 Feb., 458 
American Optical Co. 
1959: 20 Nov., 1440 
1960: 12 Feb., 432; 26 Feb., 622; 8 
Apr., 1060; 6 May, 1392; 17 June, 1848; 
1 July, 52; 26 Aug., 580; 23 Sept., 856; 
7 Oct., 976 
Burton Manufacturing Co. 
1959: 23 Oct., 1152 
Hacker, William J., & Co., Inc. 
1960: 22 Apr., 1126 
Lafayette Radio 
1959: 23 Oct., 1012 
Leitz, E., Inc. 
1959: 16 Oct., 938 
Sobotka, Eric, Co. 


1960: 26 Feb., 616; 18 Mar., 842; 8 
Apr., 1054 
United Scientific Co. 

1959: 23 Oct., 1076; 13 Nov., 1280; 


11 Dec., 1616 

1960: 12 Feb., 425; 19 Feb., 436; 11 
Mar., 744; 18 Mar., 754; 15 Apr., 1064; 
29 Apr., 1327; 27 May, 1576; 24 June, 
1852; 29 July, 264; 19 Aug., 436; 26 Aug., 
$72; 23)Sept.,: 7563.7: Oct. 979 
Wild Heerbrugg Instruments, Inc. 

1959: 23 Oct., 1046; 18 Dec., 1678 

1960: 8 Jan., 68; 22 Apr., 1260; 13 
May, 1400; 8 July, 95; 22 July, 250; 19 
Aug., 486; 9 Sept., 685; 23 Sept., 828 
Zeiss, Carl, Inc. 

1960: 15 Jan., 127 


MICROSCOPE SLIDES 


Erie Scientific Co. 
1960: 22 Apr., 1250 

National Instrument Laboratories, Inc. 
1960: 18 Mar., 760 


MICROTOMES AND ACCESSORIES 


American Optical Co, 

1959: 9 Oct., 936; 4 Dec., 
Dec., 1724 

1960: 20 May, 1572; 29 July, 312; 9 
Sept., 692 . 
Brunswick-Balke-Collender Co., Aloe Sci- 
entific Div. 

1959: 16 Oct., 987 
Hacker, William J., & Co., Inc. 

1960: 18 Mar., 858 
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Farrand 
Electron Multiplier | 





NOW! TWO MODELS 








Provides a wide range of sensitivity, 
stability, and linear response particularly 
at extreme low-light levels. Choice of 
interchangeable photomultiplier tubes for 
optimum response in selected spectral 
regions. This compact, easy-to-operate 
instrument is now available in two models: 
battery power supply or transformer for 
line operation. Either model can be 
supplied with a galvanometer or with 

a highly sensitive microammeter. 














4 FARRAND 
E RTRERINE 3c RERONERD 
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Technical data available on request FARRAND fo} mel e7-\ a co., | | [ Om 


specify Bulletin No. 804S BRONX BLVD. AND EAST 238th STREET e NEW YORK 70, N. Y 


Engineering, Research, Development, Design and Manufacture of Precision Optics, Electronic and Scientif 











SAVE OVER 300%... 


with the revolutionary new instrument 
that takes the place of six individual 
burettes — plus magnetic stirrer! 


New Buchler POLYBURETTE 
Seer: 194” 


TIME-CONSUMING MANIPULATIONS 










DISPENSES A VARIETY OF SIX SUB- 


FOR RAPID TITRATION—ELIMINATES 
STANCES WITH AN INDEPENDENT Other Versatile 


BURETTE FOR EACH eee 

® Eliminates need for intermediate rinsing of BY BUCHLER 
the burette when different reagents are used That Save Time 
simultaneously for multiple titrations. and Labor! 


© Illuminated background facilitates reading. 





© Interchangeable burettes for deliveries from 
0.001 ml to 1.0 ml. 


© Built-in magnetic stirrer. 


ROTARY EVAPO-MIX 
FLASH EVAPORATOR 


: - FRACTION COLLECTORS 
¢ All glassware easily sterilized. CHLORIDOMETER 
For details, request Bulletin S2-2600 OMNI-SHAKER 





Laboratory Apparatus Send for Bulletins! 


BUCHLER INSTRUMENTS, INC. 


formerly Laboratory Glass & Instruments Corp. 
514 WEST 147th STREET, N.Y.31,N.Y. ADirondack 4-2626 








Precision Instruments 
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recording 
DC MICROAMMETER | 


says it’s so! 





You can count on whatever a DC Micro- 
ammeter records because, first and fore- 
most, it’s designed and built for RELIA- 
BILITY. 

In today’s space-age technology, re- 
liability of the highest possible order is 
an absolute necessity. And in a record- 
ing instrument, reliability of this high 
order is achieved only through simplic- 
ity of design and rugged construction. 

Esterline-Angus does it by building 
its recorders with a minimum of com- 
ponents, all of long-life design . . . by 
building recorders that require few— 
and simple—adjustments. 

It’s the outcome of more than 50 
years of development and testing . . . of 
production experience and conscientious 
quality control... . of specializing in fine 
recording instruments. 

It’s the reason why the Esterline- 
Angus DC Microammeter, like all E-A 
recording instruments, is guaranteed for 
two years. 


Send for Catalog Section 41 


The 


ESTERLINE-ANGUS 
Company 


No. 1 in fine Recording Instruments 
for more than 50 years. 


DEPT. L, BOX 596, INDIANAPOLIS 6, INDIANA 
1184 ; 


Lafayette Radio 

1959: 23 Oct., 1013 
Leitz, E., Inc. 

1959: 9 Oct., 889 


1960: 19 Feb., 434; 3 June, 1634; 16 
Sept., 694 
LKB Instruments, Inc. 

1960: 22 Jan., 190; 29 Jan., 311; 


Feb., 615; 18 Mar., 873 

National Instrument Laboratories, Inc. 
1959: 23 Oct., 1032 
1960: 18 Mar., 760 

Schueler & Co., Schuco Scientific Div. 
1960: 9 Sept., 689; 23 Sept., 839 


| Sorvall, Ivan, Inc. 


1959: 23 Oct., 1025 
1960; I5san:., 170; 22 Apr., T1Z83520 
May, 1561; 22 July, 231; 26 Aug., 567 


| MICRO-WAVE APPARATUS 





Central Scientific Co. 


1959: 16 Oct., 988 
Raytheon Co. 
1959: 9 Oct., 892; 16 Oct., 991; 23 


Oct., 1044; 30 Oct., 1162; 13 Nov., 1302; 
27 Nov., 1482; 18 Dec., 1719 

1960: 22 Jan., 192; 19 Feb., 452; 18 
Mar., 770; 22 Apr., 1148; 20 May, 1480, 
1553; 17 June, 1772, 1829; 22 July, 184, 
241; 26 Aug., 512, 561; 23 Sept., 772 


MIXERS 


Brunswick-Balke-Collender Co., Aloe Sci- 
entific Div. 

1960: 22 Apr., 1265; 20 May, 1555 
Buchler Instruments, Inc., formerly 
Laboratory Glass & Instrument Corp. 

1960: 22 Jan., 180; 19 Feb., 460; 22 
Apr., 1226 
Heller, Gerald K., Co. 

1960: 18 Mar., 843; 22 Apr., 1258; 20 
May, 1542; 22 July, 239; 23 Sept., 830 
Scientific Industries, Inc. 

1960: 16 Sept., 748 


| MOLECULAR MODEL SETS 





| LaPine, Arthur S., and Co. 


1960: 23 Sept., 822 
Will Corp., Bronwill Scientific Div. 
1960: 18 Mar., 864; 8 Apr., 
Sept., 680 


1055; 9 


MONOCHROMATORS 


Bausch & Lomb Optical Co. 
1960: 11 Mar., 698 
Farrand Optical Co., Inc. 
1959: 13 Nov., 1351; 4 Dec., 1583 
1960: 19 Feb., 563; 17 June, 1815; 7 
Oct., 965 
Perkin-Elmer Corp., Instrument Div. 
1959: 4 Dec., 1496 
1960: 15 Jan., 124 
Photovolt Corp. 
1959: 2 Oct., 867 
1960: 1 Jan., 51; 4 Mar., 673; 29 Apr., 
1324; 3 June, 1687; 5 Aug., 367 


NEPHELOMETERS 


Klett Manufacturing Co. 

1960: 26 Feb., 618; 18 Mar., 843; 25 
Mar., 945; 8 Apr., 1051; 29 Apr., 1325; 
6 May, 1384; 20 May, 1552; 3 June, 1687; 
1 July, 47; 8 July, 94; 29 July, 311; 12 
Aug., 429; 19 Aug., 477; 16 Sept., 747; 
23 Sept., 850; 7 Oct., 973 


26 | 











‘Series 1200 
PARR Calorimeter 


for determin- 
ing the heat 
of combus- 
tion of solid 
and liquid 
fuels, 








Excellent for 
either rouse 
tine or ree 
search calore 
imetry. 


Any of seven different PARR oxygen 
bombs can be used in the Series 1200 
adiabatic calorimeter for testing samples 
liberating up to 10,000 calories. The 
bomb chamber is pletely enclosed 
within a circulating water jacket which 
can be adjusted to maintain either adia- 
batic conditions or a static reference tem- 
perature during the calorific test. 


Ask for Specification 1200 





INSTRUMENT COMPANY 
MOLINE, ILLINOIS 


PHOTOGRAPHIC 
OPTIMUM 











SUPER 
TECHNIKA 
cameras... 


Avaiiable in 
24%4x3Y%4, 4x5, 5x7... 


Linhof Super Technika cameras... photo- 
graphic mainstays of top-level research 
teams throughout the world, meet exacting 
challenges—in the field and in the labora- 
tory—wherever photo-analysis is crucial to 
scientific understanding. eo 








Send 50¢ for colorful, 120-page ; 
Linhof Products Handbook. 


EX 1. 1 ING PHOTO CORPORATION 
257-T Park Avenue South, New York 10, N. Y. 























Thomas, Arthur H., Co. 
1960: 22 July, 260; 16 Sept., 752 
Will Corp. 
1960: 19 Feb., 561 


NEUTRON GENERATORS 


Central Scientific Co. 
1959: 20 Nov., 1431 
1960: 19 Feb., 549 
Kaman Aircraft Corp., Nuclear Div. 
1959: 4 Dec., 1528 
Texas Nuclear Corp. 
1960: 18 Mar., 877 


NUCLEAR LABORATORY 
INSTRUMENTS 


Anton Electronic Laboratories, Inc. 
1960: 23 Sept., 759 
Baird-Atomic, Inc. 
1959: 4 Dec., 1508 
1960: 19 Feb., 468; 20 May, 1515 
Budd Co., Nuclear Systems Div. 
1959: 4 Dec., 1498 
Johnston, William H., Laboratories, Inc. 
1960: 17 June, 1834 
Nuclear-Chicago Corp. 
1959: 27 Nov., 1492 
1960: 22 Jan., 260; 19 Feb., 570; 4 
Mar., 682 
Packard Instrument Co., Inc. 
1959: 16 Oct., 946 
Picker X-Ray Corp. 
1959: 23 Oct., 1015 
1960: 18 Mar., 775; 17 June, 1775 
Radiation Counter Laboratories, Inc. 
1960: 19 Feb., 545 
Radiation Instrument Development 
Laboratory, Inc. 
1960: 19 Feb., 473; 7 Oct., 964 
Technical Associates 
1960: 18 Mar., 865 
Technical Measurement Corp. 
1959: 23 Oct., 1048; 20 Nov., 1380; 4 
Dec., 1532 
Tracerlab, Inc. 
1960: 23 Sept., 760 
Vanguard Instrument Co. 
1960: 26 Aug., 506 
Victoreen Instrument Co. 
1960: 22 Jan., 252 


OPTICAL CRYSTALS 


Harshaw Chemical Co. 

1959: 2 Oct., 869; 4 Dec., 1595 

1960: 19 Feb., 539; 8 Apr., 1055; 10 
June, 1747; 19 Aug., 477; 7 Oct., 965 
Isomet Corp. 

1959: 23 Oct., 1139; 4 Dec., 1601 

1960: 18 Mar., 883; 20 May, 1552 


OSCILLATORS, SONIC 


Raytheon Co. 
1960: 22 Jan., 241; 19 Feb., 551; 18 
Mar., 869; 22 Apr., 1237; 23 Sept., 837 


OSMOMETERS 
Rosemount Engineering Co. 

1960: 22 Apr., 1244 
OVENS 


Boeckel, Wm., & Co., Inc. 
1960: 20 May, 1537 

Central Scientific Co. 
1960: 29 July, 311 
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LOW 
BACKGROUND 
BETA 
COUNTING 
SYSTEM 

















LOW-BACKGROUND 
DETECTION SYSTEMS 


LOWBETA and LOWBETA/MATIC: Manual and Automatic Low 
Background Beta Counting Systems. Background less 
than %4 count per minute for l-inch diameter detector. 
Detectors available from %” to 3” diameter. Shield size 
only 18 inches square. Shield weight only 1500 lbs. 
Transistorized electronics. Plug-in printed circuit cards, 
Illuminated programming panel for simplified control. 
Electronics ideal for carbon dating. 


GAMMAMATIC: Sample Changing System for Well Counters. 
Holds 52 samples up to 1%” diameter. Achieves a con- 
stant background by using a stationary sample rack and 
a moving selector arm. Rack configuration may be chosen 
to suit individual requirements. 


LOWGAMMA: Low Background Gamma Counting Systems. 
Counts large and small samples. Manual and automatic. 


DATASHARP: Automatic Readout Systems. Counts, times, 
indicates time of day, sample or index number, etc. Reads 
out into DATASHARP parallel printers or any other con- 
ventional readout device, including punch cards and tape. 


ENVIRONMENTAL MONITORING SERVICE 
RADIOCHEMICAL CONSULTING SERVICE 


Represented exclusively by BAIRD-ATOMIC, INC. See 
your BAIRD representative or write or call Sharp Lab- 
oratories, Inc., Dept. S-1, Box 1302, La Jolla, California. 





LABORATORIES, INC. 





MAXIMUM 500° F. 


FOR LABORATORY 
TESTING 
Sterilizing, temper- 
ing glass, preheat- 
ing plastics—only 
afew of many uses 
for these versatile 
ovens. 
Forced air convec- 
tion allows accu- 
rate automatic 
control of evenly- 
distributed heat. 
Rugged construc- 
tion, ease of opera- 
tion and economy 
—plus practical 
good looks—guar- 
antee a wise in- 
vestment. 
Smallsize overall dimension: 
28” wide, 16” deep, 4314” 
high. Inside dimensions: 20” 
x 16” x 18"; gives option of 
several heats in a single lab- 
oratory. Models available for 
either 110 or 220 vac. 


Write Today for free bulletin 203-10BU 
















me 


Sterilizers 


(uy A 


Laboratory ovens Burn-off 


& ovens 


Drawer 
5) ovens 
Pot-type 


furnaces Walk-in batch ovens 














ELECTRONIC 


Hi ELLER CONTROLLED 
LAB MIXER 


PROVIDES: 
e CONSTANT TORQUE 


e VARIABLE DC SPEEDS 
FROM AC LINES 

















@ Thyratron tubes on the 
Heller GT-21 controller sup- 
ply demanded current by 
converting power in stepless 
variation to the direct cur- 
rent motor. Assures con- 
stant torque as mixes become 
either viscous or fluid. Vari- 
able, reversible motor has 
direct and gear drive, Arma- 
ture shaft speed, 0-5000 rpm. 
Gear shaft 18:1 ratio.Chuck, 
shafts, 3-step pulley included. 





Complete with 
attachments 
F.0.B. Las Vegas 


+90 


Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


1819 Industrial Road Las Vegas, Nevada 
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Sample Detector 


Choice of up to 4 gas flow geiger detectors 
of plastic and copper with diameters of up to 3 tnches 


Counter Characteristics 
Background 0.4 cpm for the 14%” diameter, operating at 
1050 v. with a 150 v. plateau 


Shielding 


One gas flow guard detector mounted above each sample 
detector. Unit surrounded by 4” lead lined with copper 










Electronics 
Printed card plug-in units using transistors and solid-state diodes 
for long trouble-free performance. Shielded detectors 

and electronics mounted in single cabinet 20” x 18” x 37”. 


For complete information write to: 


ISOTOPES, INC. 


123 Woodland Avenue, Westwood, New Jersey 



































MEASURE MOLECULAR WEIGHT 
AND PARTICLE SIZE 





NEW \BRICE-PHOENIX UNIVERSAL 
LIGHT SCATTERING PHOTOMETER 


Measures: 


1. Absolute Turbidity 
2. Dissymmetry 
3. Depolarization 


This instrument is listed in U.S. Government 
specifications for the evaluation of certain clinical 
materials. 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. Philadelphia 40, Pa. 








SCIENCE, VOL. 132 














it 
il 








- 132 





Fisher Scientific Co. 
1960: 22 Apr., 1160 
National Appliance Co. 
1959: 23 Oct., 1118; 
1960: 8 Jan., 111 
New Brunswick Scientific Co., Inc. 
1959: 23 Oct., 1123; 11 Dec., 1666 
1960: 5 Feb., 367; 13 May, 1452; 24 
June, 1896; 23 Sept., 849 
New York Laboratory Supply Co., Inc., 
1960: 18 Mar., 863; 17 June, 1819 
Precision Scientific Co. 
1959: 13 Nov., 1352; 4 Dec., 
1960: 26 Aug., 568 
Research Specialties Co. 
1959: 23 Oct., 1043 
Sargent, E. H., & Co. 
1959: 2 Oct., 820 
1960: 22 July, 188 


13 Nov., 1353 


1588 


pH METERS 


American Hospital Supply Corp. 

1960: 24 June, 1857 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1959: 16 Oct., 943; 18 Dec., 1676 

1960: 5 Feb., 321; 15 Apr., 1069; 17 
June, 1763; 15 July, 163 
Brinkman, C. A., & Co., Inc. 

1959: 6 Nov., 1219; 13 Nov., 1363 

1900: 22 Jami:, 215, Z17, 218; 29 Jan., 
307; 4 Mar., 678; 8 Apr., 1004 
Cambridge Instrument Co., Inc. 

1959: 23 Oct., 1150 
Coleman Instruments, Inc. 

1959: 4 Dec., 1515 

1960: 22 Jan., 181; 20 May, 1483 
Harshaw Chemical Co., Harshaw Scientific 
Div. 

1960: 18 Mar., 848; 20 May, 1538 
Photovolt Corp. 

1959: 11 Dec., 1663 

1960: 22 Jan., 251; 11 Mar., 747; 8 
Apr., 1055; 13 May, 1457; 27 May, 1628; 
15 July, 160; 16 Sept., 749 
Riseman Development Laboratory 

1960: 23 Sept., 850 
Scientific Glass Apparatus Co., Inc. 

1960: 25 Mar., 942; 22 Apr., 1242; 20 
May, 1477 
Thomas, Arthur H., Co. 

1960: 19 Aug., 492 
Welwyn International Inc. 

1959: 23 Oct., 1036; 13 Nov., 1286 

1960: 22 Jan., 259; 22 Apr., 1144; 20 
May, 1478; 23 Sept., 778 


PHOTOMETERS 


Farrand Optical Co., Inc. 

1960: 20 May, 1539 
Phoenix Precision Instrument Co. 

1960: 19 Feb., 599; 20 May, 1552; 23 
Sept., 849 
Photovolt Corp. 

1960: 29 Jan., 307; 5 Feb., 367; 25 
Mar., 943; 6 May, 1386; 10 June, 1749; 
29 July, 311; 12 Aug., 425; 9 Sept., 681; 
30 Sept., 904; 7 Oct., 967 
Welch, W. M., Manufacturing Co. 

1960: 7 Oct., 967 


PHOTOMETERS, FLAME 


Baird-Atomic, Inc. 

1959: 23 Oct., 1145 

1960: 22 Jan., 248; 19 Feb., 554; 18 
Mar., 856; 22 Apr., 1256; 20 May, 1548; 
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17 June, 1839; 22 July, 238; 26 Aug., 
574; 23 Sept., 850 
Coleman Instruments, Inc. 

1959: 23 Oct., 1047 

1960: 17 June 1774; 26 Aug., 502 
Perkin-Elmer Corp. 

1959: 23 Oct., 1000 
Will Corp. 

1960: 23 Sept., 815 


PHOTOMICROGRAPHIC EQUIPMENT 


Aloe, A. S., Co., Aloe Scientific Div. 
1960: 1 Jan., 48 
American Optical Co. 
1959: 6 Nov., 1276 
1960: 15 Jan., 172; 22 Apr., 1272; 6 
May, 1392; 15 July, 164 
Bausch & Lomb Optical Co. 
1960: 26 Feb., 578 
Hacker, William J., & Co., Inc. 
1960: 22 Jan., 185; 19 Feb., 449; 23 
Sept., 763 
Leitz, E., Inc. 


1959: 2 Oct., 818; 16 Oct., 938; 20 
Nov., 1374; 27 Nov., 1444 

1960: 1 Jan., 2; 15 Jan., 122; 5 Feb., 
314 


Photovolt Corp. 

1959: 16 Oct., 987 

1960: 5 Feb., 367; 25 Mar., 943; 10 
June, 1749; 12 Aug., 425; 30 Sept., 904 
United Scientific Co. 

1959: 23 Oct., 1076; 13 Nov., 1280 

1960: 22 Jan., 176; 29 Jan., 304; 25 
Mar., 940; 17 June, 1840; 24 June, 1852; 
29 July, 264; 9 Sept., 683; 23 Sept., 756 
Zeiss, Carl, Inc. 

1959: 23 Oct., 1023 

1960: 15 Jan., 127 


PLASMA GENERATORS 


Avco Corp., Research and Advanced 
Development Div. 
1959: 2 Oct., 827 


POLARIMETERS 


Kern Co. 
1960: 7 Oct., 964 
Leitz, E., Inc. 
1959: 4 Dec., 1529 
1960: 4 Mar., 624 
Photovolt Corp. 
1959: 23 Oct., 1137; 11 Dec., 1663 
1960: 8 Jan., 116; 1 July, 47 
Rudolph Instruments Engineering Co. 
1959: 23 Oct., 1034 
Zeiss, Carl, Inc. 
1959: 9 Oct., 893 
1960: 19 Feb., 455; 3 June, 1638; 8 
July, 56; 9 Sept., 679 


POLARISCOPES 


Bethlehem Apparatus Co., Inc. 
1960: 23 Sept., 848 


POLAROGRAPHS 


Brinkmann, C. A., & Co. 

1960: 22 Jan., 216; 29 Apr., 1327; 3 
June, 1685; 15 July, 155 
Fisher Scientific Co. 

1960: 19 Feb., 475 
Sargent, E. H., & Co. 

1960: 22 Jan., 193; 20 May, 1485; 15 
July, 111; 26 Aug., 505 
Welwyn International, Inc. 

1960: 18 Mar., 790 








* FULL COLOR ... for high 


sensitivity and clarity. 





BETHLEHEM POLARISCOPE 


for showing strains in glass or plastic 


* A DUAL PURPOSE UNIT... 


excellent for BENCH inspections 


... and light and convenient for 
PORTABLE USE. 


Model P5 BETHLEHEM POLARISCOPE 


* 


a, 


a 


BETHLEHEM APPARATUS COMPANY, INC. 






Adjustable Arms 

110 v. Light Source 

Switch in Cord 

Constructed of Aluminum and Steel 
Finished in Baked Hammertone Grey 
Net Weight . . . 1-% Ib. 

Price . . . $65.00 











| HELLERTOWN, PA. 
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now, at /ow cost, the new ASCO “50” enables you to 
compare your present processing costs with those of 


DISTILLATION 






complete 
for only 


ASCO 


"50" 

ROTA- $391 00 
FILM 

STILL i‘ write for 


free folder 


als 
C\O 









ARTHUR F. SMITH, INC. + 311 


Fields of investigation heretofore made prohibitive 
through use of highly expensive investigative tech- 
niques can now be explored with this simple-to- 
operate molecular still. Since the ‘‘50” still is the 
laboratory counterpart of the large commercial 


§) Rota-Film Still, results obtained may be duplicated 


on a commercial scale of any magnitude. 


With this simple-to-operate still you may... 

e explore falling agitated film evaporation and dis- 
tillation © distill materials with molecular weights 
ranging from 200 to 1250 weight (hydrocarbons) 
and some materials to 4000 molecular weight 
(silicones and halocarbons) e deglycerinate and 
distill mixtures of mono-, di- and tri-glycerides 
e distill tall oil ¢ distill paraffin from slack wax or 
petroleum residue © deodorize oils ¢ remove color 
bodies from materials of high molecular weights. 


FEATURES 

e Batches from 10 mi to 20 liters 
e Vacuum range from atmospheric to 1 micron Hg. 
e Temperature range to 450°C. 

e Teflon or carbon rotor-wiper blades 


@ Stainless-steel (18-8 type 304) wiper-holders 
(Available with Hastelloy B) 


e Continuous or batch feed 


e All parts made of glass except wiper-holders 
and top plate 


e UNITS MAY BE COUPLED FORFRACTIONATION. 
ALEXANDER ST., ROCHESTER 4, N. Y. 








MODEL 
PILOT 


Ray Haines, Director of Research & De- 
velopment at Aurora Plastics Corp., finds 
that he’s also a test pilot for the firm’s 
ready-to-fly model planes. These models 
have to perform as well as their prototypes, 
and Ray perfects the motors using his 
UNIMAT to machine the small parts. No 
matter what the problem is, it can be 
solved with this multifunctional machine- 
shop-in-miniature. UNIMAT is ten inter- 
changeable machines on one base no larger 
than a jeweler’s lathe. WRITE FOR FULLY | 
ILLUSTRATED CATALOG AND PRICE LIST. 


UNIMAT 


AMERICAN EDELSTAAL INC, 





350 BROADWAY, DEPT. AJ, N. Y. 13, N. Y. 
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The NEW 
MSE-60 Watt 
Ultrasonic 

Disintegrator 


designed to produce and utilize sound 
energy for the mechanical disintegration 
of cells and bacteria. 


@ Cabinet construction as 
a single unit with 
acoustically insulated 
working chamber. 


® Titanium probes provide 
greater resistance to 
corrosion and erosion, 


@ Built-in thermo-ammeter 
to give accurate 
indication of tuning. 


@ At 20,000 cycles. 





INSTRUMENTATION 

B \ ASSOCIATES INC. 

Distributors of Lat TT q 
and Scientific Spe 


17 West 60th Street New York 23, N. Y. 


} 
«a / 








| 





POTENTIOMETERS, SLIDEWIRE 


B & H Instrument Co., Inc. 
1959: 23 Oct., 1031 


POWER GENERATORS 


Raytheon Co. 

1959: 9 Oct., 892; 16 Oct., 991; 23 
Oct., 1044; 30 Oct., 1162; 13 Nov., 1302; 
27 Nov., 1482; 18 Dec., 1719 

1960: 22 Jan., 192; 19 Feb., 452; 18 
Mar., 770; 22 Apr., 1148; 20 May, 1480, 
1553; 17 Jone; 1772, 1629; 22 aly, 164 
241; 26 Aug., 512, 561; 23 Sept., 772 


POWER SUPPLIES 


| American Electronic Laboratories, Inc. 








1959: 23 Oct., 1139 

1960: 18 Mar., 778 
Fluke, John, Manufacturing Co., Inc. 

1960: 26 Aug., 503 
Harvey-Wells Electronics, Inc. 

1960: 17 June, 1825 
Sorensen & Co. 

1960: 19 Feb., 541; 18 Mar., 866; 20 
May, 1468; 26 Aug., 555; 23 Sept., 841 
Zeiss, Carl, Inc. 

1959: 4 Dec., 1525 

1960: 7 Oct., 975 


PRESSURE APPARATUS 


Parr Instrument Co. 
1959: 23 Oct, 1135 
1960: 22 Jan., 242; 22 July, 242 


PRIMATE RESTRAINT SYSTEMS 


Foringer & Co., Inc. 
1960: 7 Oct., 971 


PROGRAMMERS, AUTOMATIC 


Foringer & Co., Inc. 
1959: 4 Dec., 1603 


PROJECTORS 


Bausch & Lomb Optical Co. 

1959: 23 Oct., 1050; 6 Nov., 1224; 4 
Dec., 1534 

1960: 29 Jan., 268; 26 Feb., 578; 20 
May, 1492; 3 June, 1640; 1 July, 8 
Edmund Scientific Co. 

1959: 9 Oct., 886; 6 Nov., 1221; 27 
Nov., 1446; 4 Dec., 1506 

1960: 19 Feb., 459; 18 Mar., 791; 22 
Apr., 1138; 27 May, 1631; 22 July, 259 


| Leitz, E., Inc. 


1959: 13 Nov., 1293 
1960: 20 May, 1462; 7 Oct., 910 


PUMPS 


Eastern Industries, Inc. 
1959: 13 Nov., 1296 
1960: 18 Mar., 840; 

23 Sept., 838 

Harvard Apparatus Co., Inc. 
1959: 23 Oct., 1139 
1960: 22 Apr., 1261; 

Phipps & Bird, Inc. 
1960: 18 Mar., 853; 22 July, 254; 29 

July, 309; 2 Sept., 629; 9 Sept., 686 

Sigmamotor, Inc. 

1959: 23 Oct., 1132; 4 Dec., 1604 
1960: 8 Apr., 1053 


17 June, 1830; 


22 July, 239 
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PUMPS, VACUUM 


Central Scientific Co. 
1960: 25 Mar., 941 

Hevi-Duty Electric Company 
1960: 8 Jan., 111; 4 Mar., 677 


® 
ui tee DURA-VAC - 
1960: 18 Mar., 842; 20 May. 1550 ‘ 
AS 










23 New York Air Brake Co., Kinney Vacuum 
502; Div. PLASTIC DESICCATOR 
1960: 19 Feb., 533; 18 Mar., 849; 22 
18 Apr., 1225; 17 June, 1819; 19 Aug., 483 
180, Precision Scientific Co. 
|84, 1960: 17 June, 1828; 22 July, 230; 23 COMBINES THE LIGHT WEIGHT, 
Y Sept., 840 
Welch, W. M., Manufacturing Co. THE IMPACT AND 
er ene "| SHATTER RESISTANCE 
RADIATION COUNTERS OF PLASTIC WITH THE 


TRANSPARENCY OF GLASS. 


Amperex Electronic Corp. 

1959: 23 Oct., 1029 
Atomic Accessories, Inc. 

1959: 4 Dec., 1591 
Johnston, William H., Laboratories, Inc. 

1960: 17 June, 1834 1) “DURA-VAC is transparent.” 
20 Nuclear-Chicago Corp. 92% light transmission. 

1 1959: 16 Oct., 996; 11 Dec., 1672 

1960: 1 Apr., 1000; 13 May, 1460; 10 
June, 1752; 8 July, 104; 5 Aug., 372; 2 
Sept., 632 
Packard Instrument Co., Inc. 

1959: 16 Oct., 946 
Picker X-Ray Corp. 

1959: 23 Oct., 1015; 13 Nov., 1304; | 
11 Dec., 1619 

1960: 22 Jan., 187; 19 Feb., 461; 18 
Mar., 775; 20 May, 1489; 12 Aug., 379; 
23 Sept., 775 
Radiation Counter Laboratories, Inc. 

1960: 19 Feb., 545; 22 Apr., 1235 
Radiation Instrument Development Labo- | 
ratory, Inc. 

1960: 7 Oct., 964 
Technical Associates 


1960: 18 Mar., 865; 20 May, 1563; 22 
July, 247 = Ae 
Technical Measurement Corp. : Ze 
1959: 9 Oct., 894 “\ Y/- | ie, 
1960: 22 Apr., 1162; 15 July, 112; 26 es 





2) “DURA-VAC is featherweight.” 
50% lighter than glass. 


Aug., 516 cr CE eee See; eee 
bs Tracerlab, Inc. _ 3) “DURA-VAC is strong and safe. 
, 1960: 19 Feb., 448; 23 Sept., 760 | Yes, DURA-VAC is strong and safe. 
20 Victoreen Instrument Co. | It is extremely implosion resistant. 
1960: 17 June, 1755 A . 
yet it ht You can even drop it and 99 times 
: out of a 100, DURA-VAC will re- 
27 RADIOACTIVE WASTE CONTAINER main intact. 


22 Blickman, S., Inc. 4, 5,6) “DURA-VAC has other advantages”: 





— 1960: 23 Sept., 830 The patented self-releasing lid does not 
stick, does not freeze to bottom during 
RATEMETERS evacuation. DURA-VAC has a large work- 
Packard Instrument Co., Inc. ing area: holds 2 Ibs. of Drierite or similar 
1960: 29 Apr., 1286; 10 June, 1704; material. DURA-VAC has a unique stopcock 
Reg ea po Sept., 706 with upward vents that prevent returning 
Te eee air from disturbing contents. 
30; io an ate ae de ae | ee about DURA-VAC. Write ® T. M. Ace Glass 
May, 1489; 15 July, 107; 12 Aug., 2 Ps 
379; 23 Sept., 775 Dept. S for Bulletins #5810 and #5815. 





Radiation Instrument Development Labo- | 
ratory, Inc. 
1960: 7 Oct., 964 


29 INCORPORATED 
READERS, STRIP CHART &) 


Benson-Lehner Corp. : 
1960: 19 Feb., 440; 18 Mar., 777 
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REAGENTS 


Allied Chemical Co. 

1960: 22 Jan., 240; 23 Sept., 755 
Baker, J. T., Co. 

1959: 23 Oct., 1030; 13 Nov., 1352; 
4 Dec., 1503 

1960: 8 Jan., 65; 18 Mar., 767; 22 
Apr., 1124; 20 May, 1535; 10 June, 1740 
Borden Chemical Co. 

1959: 4 Dec., 1584; 25 Dec., 1728 
Colorado Serum Co. 

1959: 4 Dec., 1597 

1960: 15 Jan., 165; 9 Sept., 681 
Difco Laboratories 

1959: 13 Nov., 1351; 18 Dec., 1713 

1960: 18 Mar., 853; 22 Apr., 1221; 22 
July, 239; 26 Aug., 563 
Eastern Chemical Corp. 

1960: 7 Oct., 971 


Hyland Laboratories 

1959: 4 Dec., 1587 
Klett Manufacturing Co. 

1959: 9 Oct., 931; 30 Oct., 1202; 6 
Nov., 1269; 4 Dec., 1597; 11 Dec., 1665; 
25 Dec., 1767 

1960: 1 Jan., 47; 8 Jan., 115; 15 Jan., 
165; 29 Jan., 305; 12 Feb., 425; 19 Feb., 
345;.26 Feb.;. Gis; 11 Mar. 7473 “25 
Mar., 945; 8 Apr., 1051; 15 Apr., 1106; 
22 Apr., 1236; 6 May, 1384; 13 May, 1452; 
3 June, 1687; 17 June, 1833; 24 June, 
1896; 8 July, 94; 22 July, 254; 5 Aug., 
369; 12 Aug., 429; 26 Aug., 575; 2 Sept., 
628; 23 Sept., 850; 30 Sept., 905; 7 Oct., 
973 
Mallinckrodt Chemical Works 

1959: 23 Oct., 1002, 1003 
Matheson Co., Inc. 

1959: 23 Oct., 1124 





CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEAP 








IEST NEST CLEANEST CLEANEST CLEANEST C 
iT ST CLEANEST CLEANEST CLEANEST CLE 
cL CLEANEST CLEANEST CLEANEST CLEA? 
iT CLEANE s T CLEANEST CLEANEST CLE 
CLEANEST CL CLEANEST CLEAr 
1EST CLEANY ST CLEANEST C 
iT CLEANES CLEANEST CLE 


CLEANEST CLEANEST CLEAD 
xT CLEANEST CLEANEST CL 


times as much! 


Also makers of ALCOJET for all equipment washed by 
machine and ALCOTABS in tablet form for all pipette 


washers. 


Order from your supplier or ask him for samples 


and FREE Cleaning Guide. 


Sold by All Leading Laboratory, Hospital and Sur- 
gical Supply Dealers in the United States as well 









Made especially for the exacting requirements of 
LABORATORY, HOSPITAL AND MEDICAL USE! 


MORE EFFECTIVE than any known detergent in 
powder form or any liquid detergent that costs four 


CLEANEST CLEA? 
CLEANEST CLEANEST CLE 


Meets Highest 
Government Specifications 


CANADA + ENGLAND + SWITZERLAND - BELGIUM » NETHERLANDS - MEXICO 
VENEZUELA - PERU - BRAZIL - PANAMA ~ PUERTO RICO - HAWAII 


ALCONOX, INC., 853 BROADWAY, NEW YORK 3, N.Y. 











Nuclear-Chicago Corp. 
1959: 16 Oct., 996 
Schueler and Co., Schuco Scientific Diy, 
1960: 19 Feb., 565; 23 Sept., 814 
Scientific Glass Apparatus Co., Inc. 
1959: 23 Oct., 1026 
Sigma Chemical Co. 
1959: 9 Oct., 931 
Worthington Biochemical Corp. 
1960: 1 Jan., 48 


RECORDERS, GRAPHIC 


American Hospital Supply Corp. 

1960: 6 May, 1338; 12 Aug., 431 
Atomic Accessories, Inc. 

1960: 23 Sept., 812 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1960: 19 Aug., 485 
Brinkmann, C. A., & Co. 

1960: 22 Jan., 216 
Esterline-Angus Co. 

1959: 13 Nov., 1364; 4 Dec., 1584 

1960: 22 Jan., 238; 18 Mar., 850; 22 
Apr., 1229; 20 May, 1540; 17 June, 1837; 
22 July, 250; 26 Aug., 554; 23 Sept., 826 
Fisher Scientific Co. 

1960: 19 Feb., 475; 18 Mar., 780; 26 
Aug., 510 
Harshaw Chemical Co., Harshaw Scien- 
tific Div. 

1960: 16 Sept., 746 
Houston Instrument Corp. 

1960: 22 July, 230; 23 Sept., 844 
Nesco Instruments, Inc. 

1960: 26 Aug., 569 
Offner Electronics, Inc. 

1960: 24 June, 1894; 15 July, 110; 19 
Aug., 487 
Photovolt Corp. 

1959: 9 Oct., 929; 20 Nov., 1431 

1960: 29 Jan., 307; 12 Feb., 425 
Sargent, E. H., & Co. 

1959: 23 Oct., 1045; 27 Nov., 1491; 
4 Dec., 1577 

1960: 22 Jan., 193; 19 Feb., 464; 22 
Apr., 1158; 20 May, 1485; 17 June, 1847 
Smith, Arthur F., Inc. 

1960: 7 Oct., 968 
Stoelting, C. H., Co. 

1959: 2 Oct., 873; 23 Oct., 1144; 13 
Nov., 1367; 4 Dec., 1604 

1960: 8 Jan., 115; 19 Feb., 559; 18 
Mar., 873; 22 Apr., 1258; 17 June, 1833; 
7 Oct., 970 
Texas Instruments, Inc. 

1960: 18 Mar., 887; 17 June, 1768; 23 
Sept., 813 
Welwyn International, Inc. 

1960: 18 Mar., 790 
Yellow Springs Instrument Co., Inc. 

1960: 18 Mar., 838; 20 May, 1560; 23 
Sept., 818 


RECORDING EQUIPMENT, 
BIOPHYSICAL 


Epsco, Inc., Epsco Worcester Div. 
1960: 18 Mar., 871 
Gilson Medical Electronics 
1959: 9 Oct., 931; 23 Oct., 1144 
1960: 8 Apr., 1051; 13 May, 1455; 12 
Aug., 429 5 
Precision Instrument Co. 
1960: 17 June, 1822; 22 July, 255 
Sanborn Co., Medical Div. 
1959: 13 Nov., 1294 
1960: 8 Jan., 62; 5 Feb., 371 
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4 PERCIVAL PLANT 
and 
Bird, Continuous Feed 
Za The outstanding features of modern industrial recorders are 
837; retained in this instrument without losing the versatility 
826 necessary for kymograph work. Ink writing levers are used 
exclusively. 
; 26 The machine feeds an 80 foot roll of paper, 6 inches wide, 
at any of its eight speeds. Four of these are had with ex- 
cien- ternal gears of 40 and 56 teeth in one position, by simply 
operating a gear-shift knob. By reversing the external gears, 
four additional speeds become available. 
Cat. No. 70-140 
PHUPPS ABIRD, ine. 
Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
; 19 
meets the exacting climatic needs 
for botanical research 
491; 
. @ HIGH LIGHT INTENSITY: 3,000 foot candles at 
m. 36 inches guaranteed. May be varied down- 
» ward to 700 foot candles. 
@ FLEXIBILITY: Reproduces climatic require- 
ments from 45 F to 95 F, and any photo 
, is period desired. 
PRACTICAL SIZE: Convenient walk-in unit. In- 
= side dimensions: 9834” long, 62%” wide 
B33; 8554” high. 
ECONOMY: Low initial cost. Low operating 
; 23 cost. 
| for further information 
, MAIL COUPON TODAY 
™ for preparation of | eee , 
3 | 4 1 
| g | SINCE te88 
GAMMA GLOBULIN || :{@/)Percivat rerriceration & mFc. co.’ 
| Box 589-S » Boone, lowa ; 
| i REFRIGERATION i 
| : Please send bulletin on Percival Plant Growth Lab. ; 
° | § ’ 
Available from | - 
1 Name — 1 
£2 1 ' : ’ 
Special Chemicals Dept. 
WINTHROP LABORATORIES Brean ! 
' 1 
1450 Broadway, New: York 18, N.Y. | City Zone___State 
©... cc coun ll aauecl anaes aka ener eiaoeneeae 
, 132 21 OCTOBER 1960 1191 











Laboratory 
Conductivity 
Bridges 
and Cells 


© DESIGNED FOR 
INSTRUCTIONAL WORK 


e TITRATION MEASUREMENTS 


Industrial Instruments manufactures a versatile 
line of laboratory conductivity bridges and cells 
designed specifically for instructional applications 
in colleges and universities. 


RC-12B2 Conductivity Bridges are particularly de- 
signed for titration measurements and feature 
high sensitivity for an extremely wide range of 
measurements. Variable sensitivity control per: 
mits easy and rapid balancing. Effective scale 
length of 84 inches provides fast and easy dial 
readings. Separate resistance and conductance 
scales are provided. The RC-16B2 is a true AC 
bridge with bridge frequencies of 60 or 1000 CPS 
selected by means of panel mounted switch. 
Bridge balance indicated by electron-ray eye tube. 
Bridges are available in battery and line operated 
models. 


For complete details on our complete line of lab- 
oratory conductivity instruments and cells, fill in 
your name and address on coupon and mail today, 


eee ee 











/ndustrial 
ee oe 


I Send detailed literature on | 
Laboratory Bridges & Cells to... i 
f i 
I Name I 
a i 
I Address i 
5 I 
city Zone..... State i 
H i 
a all 





iy 


Instruments 


Industrial 
Instruments ioc. 


89 Commerce Road. Cedar Grove. Essex County. N. J 


1192 








REFRACTOMETERS 


Lafayette Radio 
1959: 23 Oct., 1012, 1013 
Leitz, E., Inc. 
1959: 4 Dec., 1529 
1960: 4 Mar., 624 
Phoenix Precision Instrument Co. 
1960: 19 Feb., 563; 20 May, 1542; 23 
Sept., 839 
Zeiss, Carl, Inc. 
1960: 8 July, 56; 9 Sept., 679 


REFRIGERATORS 


Union Carbide Corp., Linde Co. Div. 
1959: 23 Oct., 1130 
1960: 19 Feb., 564; 18 Mar., 860; 17 
June, 1836 


SCALES 


Brinkmann, C. A., & Co. 
1960: 1 Apr., 954 
Mettler Instrument Corp. 
1960: 18 Mar., 779; 22 July, 235 
Welch, W. M., Manufacturing Co. 
1960: 6 May, 1385; 5 Aug., 367 


SCALERS, NUCLEAR 


Baird-Atomic, Inc. 

1959: 4 Dec., 1505 

1960: 17 June, 1765; 22 July, 173 
Nuclear-Chicago Corp. 

1960: 18 Mar., 865 
Packard Instrument Co., Inc. 

1959: 23 Oct., 1041; 11 Dec., 1628 

1960: 22 Jan., 196; 29 Apr., 1286; 10 
June, 1704; 5 Aug., 322; 16 Sept., 706 
Picker X-Ray Corp. 

1959: 13 Nov., 1304 

1960: 22 Jan., 187; 19 Feb., 461; 15 
July, 107; 12 Aug., 379; 23 Sept., 775 
Radiation Counter Laboratories, Inc. 

1960: 19 Feb., 545; 22 Apr., 1235 
Radiation Instrument Development 
Laboratory, Inc. 

1960: 23 Sept., 847 
Technical Associates 

1960: 5 Aug., 372 
Technical Measurement Corp. 

1959: 9 Oct., 894; 23 Oct., 1048 

1960: 19 Feb., 476; 22 Apr., 1162; 13 
May, 1404; 26 Aug., 516; 16 Sept., 704 
Tracerlab, Inc. 

1959: 23 Oct., 1037 

1960: 17 June, 1770 
Victoreen Instrument Co. 

1959: 23 Oct., 1131; 13 Nov., 1304 


SCINTILLATION CRYSTALS 


Harshaw Chemical Co. 

1959: 2 Oct., 869; 4 Dec., 1595 

1960: 19 Feb., 539; 8 Apr., 1055; 10 
June, 1747; 19 Aug., 477; 7 Oct., 965 
Isomet Corp. 

1959: 23 Oct., 1139 
Pilot Chemicals, Inc. 

1960: 19 Feb., 555; 22 Apr., 1258; 17 
June, 1842; 26 Aug., 572 


SHAKERS 


New Brunswick Scientific Co., Inc. 

1959: 9 Oct., 929; 16 Oct., 993; 30 Oct., 
1202; 13 Nov., 1351; 20 Nov., 1432; 27 
Nov., 1489; 4 Dec., 1581 

1960: 1 Jan., 47; 22 Jan., 255; 29 Jan., 





new (EEN 


micro size 
hot plate 


{( 39/16” dia. > 





VOLTS AC 
500 warts 





Precise, stepless 
thermostatic control, 

from 6°C above 

ambient to 370°C (700°F) 


Type 2300—invaluable for those laboratory 
situations where a single or multiple heat 
source is needed, yet space and money are 
scarce, Ruggedly built to withstand hard, 
continuous usage. Takes less than nine min- 
utes to reach 370°C top temperature (reserve 
power at 370°C is 46%). Perforated stainless 
steel case . . . well ventilated . . . long-life 
heating element .. . cast aluminum top. Step- 
less control automatically compensates for 
fluctuations in line voltage and ambient tem- 
peratures. Easily read control dial 3 9/16” 
dia top plate . . . 3%” height. 115 v a-c. Price 


complete with 5’ cord and 3-prong plug, 
$15.00 










Standard dovetail : 
socket welded to back | 

of case. Adaptor 
included with 6” long 
aluminum rod for use 
as nonslip handle. 


Write for literature 
and name of nearest 
dealer, 


THERMOLYNE CORPORATION 
(Formerly Thermo Electric Mfg. Co.) 
568 Huff St., Dubuque, lowa 
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309; 12 Feb., 426; 19 Feb., 559; 18 Mar., 
877; 22 Apr., 1235; 27 May, 1626; 10 
June, 1747; 17 June, 1938 
Palo Laboratory Supplies, Inc. 

1960: 22 Apr., 1268 


SHIELDS, LEAD 


Instrument and Development Products 
Co., Inc. 
1960: 18 Mar., 863 
Instruments for Research and Industry 
1960: 18 Mar., 878 
Technical Associates 
1960: 18 Mar., 865; 20 May, 1563; 22 
July, 247 


SIEVES 


Custom Scientific Instruments, Inc. 
1960: 22 Jan., 234; 22 July, 236; 23 
Sept., 834 
New York Laboratory Supply Co., Inc. 
1960: 18 Mar., 863 


SLIDE RULES 


Edmund Scientific Co. 
1960: 22 Apr., 1138; 17 June, 1764; 22 
July, 259; 26 Aug., 508 


SKELETON MODEL 


Welch, W. M., Manufacturing Co. 
1959: 4 Dec., 1589 
1960: 1 July, 51 


SPECTROMETERS 


Baird-Atomic, Inc. 

1959: 23 Oct., 1021 
Bausch & Lomb Optical Co. 

1960: 29 July, 268 
Bendix Aviation Corp., Cincinnati Div. 

1959: 13 Nov., 1355 

1960: 19 Feb., 553; 18 Mar., 880; 20 
May, 1567; 17 June, 1821; 26 Aug., 557 
Farrand Optical Co., Inc. 

1960: 22 Jan., 237 
High Voltage Engineering Corp. 

1960: 26 Feb., 576; 18 Mar., 798 
Leitz, E., Inc. 

1959: 4 Dec., 1529 

1960: 4 Mar., 624 
Nuclear-Chicago Corp. 

1960: 1 Apr., 1000 
Packard Instrument Co., Inc. 

1959: 2 Oct., 830; 16 Oct., 946; 23 Oct., 
1041; 13 Nov., 1306; 27 Nov., 1448; 11 
Dec., 1628; 25 Dec., 1734 

1960: 8 Jan., 72; 22 Jan., 196; 5 Feb., 
328; 19 Feb., 478; 4 Mar., 634; 18 Mar., 
800; 22 Apr., 1152; 13 May, 1406;.27 May, 
1582; 24 June, 1862; 8 July, 60; 22 July, 
190; 19 Aug., 440; 2 Sept., 590; 30 Sept., 
864 
Perkin-Elmer Corp., Instrument Div. 

1959: 4 Dec., 1496 

1960: 15 Jan., 124 
Philips Electronics, Inc. 

1959: 13 Nov., 1285 
Picker X-Ray Corp. 

1959: 23 Oct., 1015; 13 Nov., 1304 

1960: 22 Jan., 187; 22 Apr., 1151 
Radiation Instrument Development 
Laboratory, Inc. 

1960: 23 Sept., 847 
Technical Associates 

1960: 20 May, 1563 
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Send for our new com- 
plete Catalog D5 


23L 


most in utility. 





Sweets File No. 


TEAM works 


Working directly with architects, 
engineers and lab personnel, your 
particular requirements are inte- 
grated into plans for a finished 
job to serve you efficiently, eco- 
nomically and provide for the ut- 


for you! * 


additional cost. 
Specifications 


Firm Estimates 
Detailed Plans 


ing Procedures 





DU FACTORY TRAINED FIELD REPRESENTATIVES 


A.LA. File No. 35-E 


IN PRINCIPAL CITIES 





*8 Engineering Services 
available to you at no 


Preliminary Layouts 


Budgetary Estimates 


Controlled Manufactur- 


On-Time Deliveries 
* Precision Installations 


DURALAB EQUIPMENT CORP. 


Manzfacturers and Designers of Laboratory Furniture & Equipment 


980 LINWOOD STREET, BROOKLYN, N. Y. 














PICK ONE (OR MORE) 
DUALL TISSUE GRINDERS 
... WE NOW HAVE SIX SIZES 


The Duall Tissue Grinders have proved so 
popular that we’re forced (quite willingly) 
to offer two new smail sizes. One has an 
operating capacity of 1 ml.; the other 3 
ml. These, with the four larger sizes al- 
ready offered, provide capacities up to 
50 mi. 


Why is the Duall so popular? The homog- 
enizer’s unique design allows two-stage 
grinding on its conical and cylindrical 
surfaces. Particle size reduction starts in 
the conical section. Final homogenization 
occurs when material is forced past the 
cylindrical surfaces. Here uniform particle 
size is attained. 


Bulletin 460A gives full information on 
the entire Duall line (both Teflon and glass 
pestles are offered). Write for your free 
copy. 


Catalog No. K-88545 Duall Tissue Grinder—All Glass 


Capacity COMPLETE 
Size ail. 
AA 1 9.05 
A 3 9.05 
KONTES 
GLASS 


e 











First Choice For Quality Technical Glassware 


Vineland, New Jersey 








Cc OMPANY Midwest Distributor: Research Apparatus, Inc., Wauconda, Ill. 
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Tracerlab, Inc. 
1959: 23 Oct., 
Varian Associates 

1959: 13 Nov., 1290 
1960: 8 Jan., 58; 11 Mar., 696; 6 May, 
1336; 9 Sept., 639; 7 Oct., 920 
Victoreen Instrument Co. 
1959: 23 Oct., 1131; 13 Nov., 1304 
1960: 18 Mar., 784; 17 June, 1755 


1037 


SPECTROPHOTOMETERS AND 
ACCESSORIES 


American Electronic Laboratories, Inc. 
1959: 23 Oct., 1139 

American Hospital Supply Corp. 
1960: 6 May, 1338 








Applied Physics Corp. 


1959: 23 Oct., 1119; 6 Nov., 1266 
1960: 18 Mar., 867; 20 May, 1541; 23 
Sept., 823 


Bausch & Lomb Optical Co. 

1960: 18 Mar., 772, 773; 25 Mar., 896; 
S-pr.,, 1014: 13: May, 1453; “17 June, 
1780; 19 Aug., 479; 7 Oct., 924 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 

1959: 20 Nov., 1379; 4 Dec., 1500, 1501 

1960: 15 Jan., 128; 12 Feb., 379; 15 
Apr., 1068; 22 Apr., 1125; 29 July, 305; 
12 Aug., 383; 26 Aug., 499; 16 Sept., 699; 
7 Oct, 915 
Brinkmann, C. A., & Co. 

1960: 22 Jan., 215 





ISOLATE CHROMATOGRAPH 
FRACTIONS 


bo LU] Lod @& Me Veoteit] 7 va 3 & 4 








HAMILTON 
FRACTION 
COLLECTOR 


nitrogen temperatures... 


You can isolate exceedingly pure gas 
chromatograph fractions for supplemen- 
tal analysis with this single instrument— 
the Hamilton Fraction Collector! It uses 
the “Freeze-Out” method of fraction col- 
lection, capturing the sample in a U tube 
on ultra pure silica sand chilled to liquid 


providing up to 


98% plus recovery! 


@ Rapid, easy, one stroke operation 


@ Available with heated line for high 
boiling fractions 


@ 10 second preparation; samples at 5 
second intervals 


@ Unlimited fractions from single run 
@ Economical fraction containers, no 


stopcocks, need no grease 





Order direct, or write today for literature and prices. 
Also available through your supply house. 


HAMILTON COMPANY, rnc. 


P. O. Box 307-K 


Whittier, California 


PRECISION MEASURING EQUIPMENT FOR CLINICAL AND MEDICAL RESEARCH 
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Brunswick-Balke-Collender Co., Aloe 
Scientific Div. 
1959: 2 Oct., 868 
Coleman Instruments, Inc. 
1959: 23 Oct., 1047 
1960: 8 Apr., 1008; 22 July, 182 
Gilson Medical Electronics 
1960: 8 Jan., 117 
National Instrument Laboratories, Inc. 
1959: 23 Oct., 1032 
New York Laboratory Supply Co., I 
1959: 23 Oct., 1135 
1960: 23 Sept., 843 
Perkin-Elmer Corp., Instrument Div. 
1959: 20 Nov., 1376; 4 Dec., 1496 
1960: 29 Jan., 264; 11 Mar., 686; 20 
May, 1464; 17 June, 1756; 16 Sept., 696 
Scientific Glass Apparatus Co., Inc. 
1960: 23 Sept., 832 
Thomas, Arthur H., Co. 
1960: 8 Jan., 120; 19 Feb., 472 
Will Corp. 
1960: 19 Feb., 561; 


18 Mar., 847 


| Zeiss, Carl, Inc. 





1960: 22 Apr., 1142 


SPECTROSCOPES AND ACCESSORIES 


Bausch & Lomb Optical Co. 

1960: 26 Feb., 578; 3 June, 
Sept., 784 
Edmund Scientific Co. 

1960: 8 Jan., 69; 18 Mar., 
Fisher Scientific Co. 

1960: 17 June, 1759 
Isomet Corp. 

1959: 4 Dec., 1601 

1960: 18 Mar., 883 
Lafayette Radio 

1959: 23 Oct., 


1640; 23 


791 


1013 


| Radio Corporation of America 


1959: 23 Oct., 1018 


| Zeiss, Carl, Inc. 


1959: 9 Oct., 893 


1960: 8 July, 56; 9 Sept., 679 


| STERILIZERS 





American Sterilizer Co. 

1959: 23 Oct., 1009 

1960: 19 Feb., 443: 22 July, 177 
Hospital Supply Co., Inc. 

1959: 23 Oct., 1142; 13 Nov., 
Dec., 1592 
Wilmot Castle Co. 

1959: 23 Oct., 1039; 13 Nov., 1291 

1960: 18 Mar., 764; 20 May, 1472; 
Aug., 504; 2 Sept., 588 


1354; 4 


26 


STILLS 


American Sterilizer Co. 

1960: 22 July, 177; 23 Sept., 761 
Barnstead Still and Sterilizer Co. 

1959: 23 Oct., 1042 

1960: 18 Mar., 854; 22 Apr., 1248; 
May, 1566; 26 Aug., 576 
Smith, Arthur F., Co. 

1959: 23 Oct., 1005 

1960: 18 Mar., 758; 20 May, 1470; 
Sept., 827 


23 


STIMULATORS 


American Electronic Laboratories, Inc. 
1959: 23 Oct., 1139; 4 Dec., 1581 
1960: 22 Jan., 233; 18 Mar., 778; 23 

Sept., 825 

Harvard Apparatus Co., Inc. 

1960: 19 Feb., 533 
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THE HUGHES 
ION PUMP 


NEW IONIZATION PUMP 
OFFERS FAST PUMPING AND 


LONG LIFE 





One 
example is 
the fast, 
6-liter- 
per- 
second 
pump. 
This 
advanced, 
ultra-high 
vacuum 
ionization 


pump 
offers you: 








When your ultra-high-vacuum requirements 
demand fast pumping and long life at /ow cost, 
a full range of Hughes lon Pumps is available 
to fill your needs. 


Long operating life: Up to 
50,000 hours! Made clean, 
Designed to stay clean. 


Trouble-free operation: No 
refrigerants, traps, oils or 
heating elements to repair or 
replace. 

High efficiency: Maintains 
pressures from 10“ to 10° 
mm Hg in closed vacuum 
systems. 

Small size: Only 5” x 3” x 5” 
Versatility: Useable on 
either metal or glass vacuum 
systems. 


Dual usage: Gauges as it 
pumps. 


For complete information and detailed specifications 
on the new Hughes lon Pump, write or wire today: 
HUGHES, Vacuum Tube Products Division, 
2020 Short Street, Oceanside, Calif. 
For export information, write: Hughes International, 
Culver City, California. 











See the Hughes lon Pump and the 
complete line of Hughes vacuum 
gauges and controls on display at 


WESCON — Booths: 2826-2827. 





Creating a new world with ELECTRONICS 


ee oe ee 2 a 
VACUUM TUBE PRODUCTS DIVISION 
HUGHES AIRCRAFT COMPANY 








You save exactly 50% 


on highest purity 


scintillation grade 


al 


OVO 


FOR FREE SAMPLES WRITE: PILOT CHEMICALS, INC., 36 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS 


21 OCTOBER 1960 


“when you specify 
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For Sub-Zero Storage 
The CSI Dry Ice Storage Cabinet 





MODEL GS-34 


All cabinets are manufactured of welded and polished stainless steel 
which contributes to cleanliness, appearance and serviceability. Effi- 
ciency has been accounted for in such features as high quality insula- 
tion, interchangeable storage inserts and size. The width allows passage 
through a normal door and the length is the only dimension changed 
in the three sizes. The cabinets are built with or without the CO: 
entering the storage compartment. 
standard model and the unit on the right is specially constructed to the 


customer’s design. 


Folder and Prices Upon Request 


CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 Devon St. 


SPECIAL 


The cabinet on the left is our 


Kearny, N.J. 














LINEAR 
TEMPERATURE 
PROGRAMMER 





THE F&M MODEL 40 LINEAR TEM- 
PERATURE PROGRAMMER linearly 
increases temperature of heat- 

ing equipment or maintains it 

at constant temperature. 18 

linear heating rates from 0.3 

to 42°C/min. are provided from 

0 to 500°C; adaptable to 1600°C., 


WRITE FOR BROCHURE 40 


F&M SCIENTIFIC CORP. 
1202 ARNOLD AVE N. C. C. AIR BASE 
NEW CASTLE, DEL PHONE EA 8-6606 
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PROMPT DELIVERY 


| Long Working Distance 
Reasonably Priced 
Magnifications 5X-160X 
Large Variety of Accessories 
Old World Craftsmanship 


ERIC SOBOTKA CO. 


108 West 40th St. 
New York 18, N. Y. 
Specialists in Imported Equipment 








| STIRRERS 


Ace Glass, Inc. 

1960: 18 Mar., 855 
Central Scientific Co. 

1960: 26 Feb., 619; 22 Apr., 1236; 17 
June, 1838 
Eastern Industries, Inc. 

1959: 13 Nov., 1296 

1960: 18 Mar., 840; 17 June, 1830; 23 
Sept., 838 
Kontes Glass Co. 

1959: 13 Nov., 1366 
LaPine, Arthur S., and Co. 

1960: 19 Feb., 560; 20 May, 1550 
Smith, Arthur F., Inc. 

1960: 22 Apr., 1253; 22 July, 251 
Standard Scientific Supply Corp. 

1960: 20 May, 1544; 26 Aug., 564 
Thomas, Arthur H., Co. 

1959: 4 Dec., 1494 
Tri-R Instruments 

1959: 23 Oct., 1137 

1960: 22 Apr., 1258 


STOPCOCKS AND ACCESSORIES 


Ace Glass, Inc. 
1960: 23 Sept., 829 


| Corning Glass Works 


‘MICROSCOPE 





1960: 5 Feb., 322, 323; 3 June, 1636 
Fischer & Porter Co. 

1959: 13 Nov., 1287 

1960: 22 Apr., 1137 
Kimble Glass Co. 

1959: 30 Oct., 1164; 6 Nov., 1222; 20 
Nov., 1375; 4 Dec., 1519; 18 Dec., 1675 

1960: 22 Jan., 183; 12 Feb., 381; 13 
May, 1399; 10 June, 1701; 8 July, 58; 12 
Aug., 381 
Kontes Glass Co. 

1959: 16 Oct., 985 
Scientific Glass Apparatus Co., Inc. 

1959: 11 Dec., 1662 

1960: 19 Feb., 466 
Thomas, Arthur H., Co. 

1959: 13 Noy., 1372 
Will Corp. 

1960: 22 Apr., 1267; 27 May, 1625 


STOPPERS 


Thomas, Arthur H., Co. 
1960: 27 May, 1632; 24 June, 1900 


STOPWATCHES 


Heuer Timer Corp. 
1960: 22 Jan., 250 


STORAGE CABINETS, DRY ICE 


Custom Scientific Instruments, Inc. 
1960: 18 Mar., 840; 20 May, 1546 


STUDENT SCIENCE MATERIALS 


American Electronic Laboratories, Inc. 
1960: 23 Sept., 825 
Atomic Associates, Inc. 
1959: 4 Dec., 1505 
Bausch & Lomb Optical Co. 
1960: 26 Feb., 578; 22 Apr., 1164; 3 
June, 1640; 23 Sept., 784 
Central Scientific Co. 
1959: 16 Oct., 988; 30 Oct., 1203; 13 
Nov., 1368; 4 Dec., 1581; 11 Dec., 1666 
1960: 15 Jan., 164; 22 Jan., 255; 12 
Feb., 426; 11 Mar., 744; 18 Mar., 857; 15 
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laboratory 
equipment 
and apparetss 


. . . Here it is. Get your 
copy now. No cost, no 
obligation. 


Labconco is the world’s largest 
manufacturer of Kjeldahl appara- 
tus for protein determination. We 
also manufacture a complete line 
of fat extractors, crude fiber con- 
densers and other apparatus and 
equipment for agricultural and al- 
lied laboratories. See what's new 
in the world’s most complete line 
in this field. Get your copy of our 
new catalog today. Just write... 


Lab: 
Con: 





8811 Prospect, Kansas City 32, Mo. | 
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Apr., 1108; 13 May, 1452; 20 May, 1549; 
17 June, 1833; 19 Aug., 482 
Edmund Scientific Co. 

1959: 9 Oct., 886; 6 Nov., 1221; 27 
Nov., 1446; 4 Dec., 1506 

1960: 8 Jan., 69; 19 Feb., 459; 18 Mar., 
791; 22 Apr., 1138; 27 May; 1631; 17 
June, 1764; 22 July, 259; 26 Aug., 508; 
23 Sept., 855 
Elgeet Optical Co., Inc. 

1959: 13 Nov., 1301 

1960: 22 Jan., 186; 18 Mar., 793; 20 
May, 1487; 10 June, 1699; 22 July, 185; 
5 Aug., 318; 19 Aug., 491; 2 Sept., 631; 
16 Sept., 698; 7 Oct., 914 
Graf-Apsco Co. 

1959: 23 Oct., 1121; 4 Dec., 1595 

1960: 22 Jan., 237; 19 Feb., 563; 22 
Apr., 1244; 20 May, 1549; 9 Sept., 686; 
23 Sept., 816 
Harvard Apparatus Co., Inc. 

1959: 4 Dec., 1605 
International Equipment Co. 

1959: 25 Dec., 1730, 1731 
Leitz, E., Inc. 

1959: 23 Oct., 1033; 18 Dec., 1674 
Mistaire Laboratories 

1959: 27 Nov., 1489; 4 Dec., 1608; 11 
Dec., 1660; 18 Dec., 1714 
Nuclear-Chicago Corp. 

1959: 27 Nov., 1492; 11 Dec., 1672 


1960: 19 Feb., 570; 29 Apr., 1332328 


IL; 


July, 104 


| Packard Instrument Co., Inc. 


1960: 29 Apr., 1286; 10 June, 1704; 5 
Aug., 322; 16 Sept., 706 
Picker X-Ray Corp. 

1960: 12 Aug., 379; 23 Sept., 775 
Pioneer Scientific Corp. 

1960: 16 Sept., 703 
Science Materials Center 

1959: 6 Nov., 1217 
Technical Measurement Corp. 

1960: 19 Feb., 476; 16 Sept., 704 
United Scientific Co. 

1959: 30 Oct., 1201 

1960: 22 Jan., 176; 4 Mar., 677; 1 Apr., 
996; 15 Apr., 1064; 22 Apr., 1246; 13 
May, 1454; 20 May, 1562; 15 July, 156; 
16 Sept., 748; 30 Sept., 902 
Welch, W. M., Manufacturing Co. 

1959: 4 Dec., 1589 

1960: 1 Jan., 51; 3 June, 1685 
Will Corp., Bronwill Scientific Div. 








1960: 18 Mar., 864; 8 Apr., 1055; 9 | 


Sept., 680 


SURVEYING INSTRUMENTS 


Wild Heerbrugg Instruments, Inc. 
1959: 9 Oct., 890; 23 Oct., 1046; 6 Nov., 
1218; 20 Nov., 1435; 4 Dec., 1530; 18 


| Dec., 1678 


1960: 8 Jan., 68; 22 Jan., 230; 29 Jan., 
263; 12 Feb., 380; 26 Feb., 614; 11 Mar., 


| 694; 18 Mar., 796; 8 Apr., 1010; 22 Apr., 


1260; 13 May, 1400; 27 May, 1627; 10 
June, 1700; 24 June, 1858; 8 July, 95; 22 
July, 250; 12 Aug., 378; 19 Aug., 486; 26 
Aug., 552; 9 Sept., 685; 23 Sept., 828 
Zeiss, Carl, Inc. 


1960: 26 Feb., 621 


SYRINGES AND ACCESSORIES 


Hamilton Co., Inc. 

1959: 9 Oct., 930; 23 Oct., 1136; 25 
Dec., 1764 

1960: 18 Mar., 852; 25 Mar., 944; 22 





COLORIMETRIC 
DETERMATUBE 


CLOW 


Names sete thle itola MN) MN Lal) 
regular Determatube LDH 
(reading at 340 mz), which 
makes it possible to de- 
‘termine LDH activity in 
the visible light region 
(600 ma ) using any stand- 


olde Milo] ololaehiola ame) elgianl-si-1m 


All that is mecessary in: 
either case, is to dissolve 
the contents of the vial, 


role fo Mt -1a0]aa Pol ale MM a-tol>B 





Recent work by Wroblewski 

and Riley (Science 132, 151, 

Hh nt 1960) would seem to indi- 

| cate that serum lactic de- 

! hydrogenase activity is ele- 

| vated in animals with vari- 

ous experimental tumors 

and in some patients with 
i . 5 + 





Jv Pr 


As research along these 
and similag lines progress- 
es, it becomes increasingly 
important to have avail 
able simplified means for 
nate] diate Mmelaa0igehi-Mmel-ti-lgaale 


alehalelale 


May we suggest that you 
write for the Worthington 
booklet on Enzyme Rea 
gents to: 


worthington 


BIOCHEMICAL CORPORATION 
FREEHOLD |, NEW JERSEY 
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Apr., 1234; 22 July, 253; 26 Aug., 513; 23 
Sept., 831 
Phipps & Bird, Inc. 

1960: 25 Mar., 943; 1 Apr., 997; 8 Apr., 
1051 
Scientific Industries, Inc. 

1960: 23 Sept., 834 


TACHOMETERS 
Sticht, Herman H., Co., Inc. 
1959: 23 Oct., 1137 
TAPE RECORDERS 
Precision Instrument Co. 
1960: 23 Sept., 852; 7 Oct.. 963 
TEACHING MACHINES 


Foringer & Co., Inc. 
1959: 4 Dec., 1603 





TELESCOPES 


Edmund Scientific Co. 

1959: 9 Oct., 886; 27 Nov., 
Dec., 1506 

1960: 8 Jan., 69; 19 Feb., 459; 18 Mar., 
791; 27 May, 1631; 17 June, 1764; 22 
July, 259; 26 Aug., 508; 23 Sept., 855 
United Scientific Co. 

1959: 30 Oct., 1201; 6 Nov., 1266; 4 
Dec., 1584 

1960: 8 Jan., 114; 6 May, 1388; 5 Aug., 
364 
Zeiss, Carl, Inc. 

1960: 26 Feb., 621 


1446; 4 


TEMPERATURE CONTROL 
EQUIPMENT 


Brinkmann, C. A., & Co., Inc. 
1959: 6 Nov., 1219, 1270; 4 Dec., 1609 
1960: 5 Feb., 361; 22 Apr., 1241; 20 
May, 1549 











B/A Flame Photometer Cond: d Specificati Metals An- 

alyzed and Guaranteed Sensitivity (1% of full scale): 
Write today for more Metal meq/I me% pm 
complete information. Na y 0,002 bbe 
0.0025 0.001 0.01 
ui 028 0.02 


Reproducibility: +-0.5% av. Size: 15” x 17” x16” Wegt.: 35 Ibs. 


BAIR D-ATOM/C,/NC. 





_| EB 











—a 
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JS university road » cambridge 38, mass. 











F & M Scientific Corp. 
1960: 18 Mar., 766; 22 July, 252 
Instrumerts for Research and Industry 
1959: 23 Oct., 1148 
1960: 19 Feb., 546; 18 Mar., 878 
National Appliance Co. 
1960: 8 Apr., 1056 
Will Corp., Brownwill Scientific Div. 
1959: 23 Oct., 1110 
1960: 19 Feb., 450; 22 Apr., 1146; 17 
June, 1769; 26 Aug., 507 


THERMOMETERS 


Greiner, Emil, Co. 
1960: 18 Mar., 858 
Instruments for Research and Industry 
1960: 22 Apr., 1266; 20 May, 1566 
New York Laboratory Supply Co., Inc. 
1959: 20 Nov., 1431 
Tri-R Instruments 
1959: 23 Oct., 1137 
1960: 18 Mar., 864; 23 Sept., 816 
Yellow Springs Instrument Co., Inc. 
1960: 23 Sept., 818 


TIMERS 


Foringer & Co., Inc. 
1959: 4 Dec., 1603 

Standard Scientific Supply Corp. 
1959: 4 Dec., 1596 
1960: 22 Apr., 1254 


TISSUE CULTURE APPARATUS 


Belico Glass Inc. 

1959: 23 Oct., 1129; 13 Nov., 1368; 4 
Dec., 1507; 18 Dec., 1713 

1960: 8 Jan., 113; 22 Jan., 255; 5 Feb., 
368; 19 Feb., 539; 4 Mar., 678; 18 Mar., 
879; 8 Apr., 1051; 22 Apr., 1243; 6 May, 
1385; 20 May, 1542; 3 June, 1689; 17 
June, 1842; 8 July, 94; 22 July, 257; 5 
Aug., 367; 19 Aug., 482; 9 Sept., 684; 23 
Sept., 850; 7 Oct., 970 
Falcon Plastics Co. 

1960: 24 June, 1860; 1 July, 5 
Fisher Scientific Co. 

1959: 4 Dec., 1606 
Harvard Apparatus Co., Inc. 

1959: 13 Nov., 1368 
Kontes Glass Co. 

1959: 4 Dec., 1588 

1960: 22 Jan., 253; 19 Feb., 558; 18 
Mar., 859; 22 Apr., 1228; 20 May, 1536; 
22 July, 252 
Nalge Co., Inc. 

1960: 26 Aug., 570; 23 Sept., 824 


TITRATION EQUIPMENT 


Boekel, Wm., & Co., Inc. 
1960: 20 May, 1537 
Brinkmann, C. A., & Co., Inc. 
1959: 6 Nov., 1219; 13 Nov., 1363 
1960: 22 Jan., 215, 216, 218; 29 Jan., 
309; 26 Feb., 613; 4 Mar., 673; 25 Mar., 
939; 6 May, 1386 
Buchler Instruments, Inc., formerly Labo- 
ratory Glass & Instruments Corp. 
1960: 26 Aug., 572 
California Laboratory Equipment Co. 
1959: 9 Oct., 929; 6 Nov., 1267; 11 
Dec., 1666 : 
Coleman Instruments, Inc. 
1959: 18 Dec., 1716 
1960: 15 Jan., 166; 20 May, 1560; 23 
Sept., 836 
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Direct Measurement 
of Difference in 
Refractive Index 





The New Brice-Phoenix Differential 
Refractometer uses a split cell to 
measure the difference in refractive 
index between a dilute solution and 


its solvent. 


Limited sensitivity 3 X 10—. 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. Phila. 40, Pa. 


THE FINEST IN CAGES FOR 
LABORATORY DOGS & PRIMATES 
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THE ORIGINAL 
TIME-TESTED . 
GLASS PLASTIC 
CAGE 


molded seamless construction 
of rugged fiber glass rein- 
forced plastics. . «minimum 











effort required to clean and disinfect... 
| maximum animal comfort...extremely strong 
doors with fool proof catches. ..economical 
to purchase and maintain....For further 
information write: K 1 , / 
Department KS 


Vashon, Washington 
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for trouble-free filtration use 


These can be ignited to extremely high tempera- 
tures without cracking of the filtering discs or 
alteration of the pore size. Easily cleaned and 
made ready for re-use. Carefully controlled pore 
sizes in 3 ranges for bacteriological separations 
and filtering of fine and coarse precipitates. 


Special forming techniques have resulted in a 
porous disc formed into the crucible wall in such 
a way as to prevent cracking or dropping out dur- 
ing ignition or use. Made of the same high quality 
materials as Coors Chemical Porcelain, the disc 
will not disintegrate when acids (except HF) or 
moderate alkaline solutions are in contact with 
the porous medium. 


Write for Bulletin 


COORS PORCELAIN COMPANY 


21 OCTOBER 1960 


GOLDEN, 
COLORADO 











LABORATORY 
QUANTITIES 


for product or new 
material research 





DETERMINE PARTICLE 
SIZE DISTRIBUTION 


below 60 microns... in materials such ast 
Beryllium Powder Grinding Sand 
% Catalyst Metal Oxides 
. Ceramic Powders Penicillin 
Chemicals Polymers 
: Diatomaceous Earth Powdered Metals 
Drugs Milk Solids 
| get Dry Powders Standard Dust 
oe is Fly Ash Samples 
S| with the 
DIETERT-DETROIT 
Big (BAHCO) 
MICRO-PARTICLE 
s CLASSIFIER 


Model 

No. 6000, 
totally 
enclosed 
220 volt, 

3 phase 
motor 
operates at 
3500 rpm. 


Widely used for particle size control in 
many industrial processes ... for scienti- 
fic study of fine materials . . . for pre- 
testing dust collector needs .. . for 
determining the separating efficiency of 
air cleaners. An 8-fraction analysis can 
be completed at the rate of 15 minutes 
per fraction by unskilled operators. Frac- 
tions are precisely defined and may be 
retained for accurate study. #a5 
HARRY W. DIETERT CO. 
CONTROL EQUIPMENT 


9330 ROSELAWN DETROIT 4, MICHIGAN 


Send me 8-page Micro-Particle Classifier bulletin. 


Name 


























Company. 





Address. 





City State 
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Corning Glass Works 

1960: 8 Apr., 1011; 13 May, 1450 
Doerr Glass Co. 

1959: 13 Nov., 1283; 4 Dec., 1499 
Greiner, Emil, Co. 

1960: 22 July, 246 
Hamilton Co., Inc. 

1960: 22 Jan., 254; 20 May, 1558 
Instrumentation Associates 

1960: 19 Feb., 556; 23 Sept., 840 
Kimble Glass Co. 

1959: 2 Oct., 823 


| Kontes Glass Co. 
16 Oct., 985; 30 Oct., 1204; 6 | 


1959: 
Nov., 1220 
LaPine, Arthur S., and Co. 

1960: 22 Jan., 250; 23 Sept., 822 
Nalge Co., Inc. 

1960: 20 May, 1564; 17 June, 1824; 22 
July, 248 


| Polarad Electronics Corp. 


1960: 19 Feb., 469; 18 Mar., 787; 20 
May, 1475; 22 July, 187 
Precision Scientific Co. 

1960: 22 Jan., 245 
Sargent, E. H., & Co. 

1960: 18 Mar., 794; 23 Sept., 780 
Scientific Industries, Inc. 

1960: 23 Sept., 834 


| Standard Scientific Supply Corp. 


1960: 17 June, 1843 
Thomas, Arthur H., Co. 
1959: 13 Nov., 1372 
1960: 5 Feb., 372 
Will Corp. 
1960: 22 Apr., 1267; 27 May, 1625 


TRANSDUCERS, PRESSURE 


Sanborn Co. 
1959: 11 Dec., 1623 


TUBE FITTINGS 


Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 
1960: 23 Sept., 826 


VACUUM EQUIPMENT 


Ace Glass, Inc. 

1960: 22 July, 237 
Blickman, S., Inc. 

1960: 20 May; 1557 
Central Scientific Co. 

1959: 27 Nov., 1485 

1960: 25 Mar., 941; 29 July, 309 
Granville-Phillips Co. 

1960: 7 Oct., 970 
Greiner, Emil, Co. 

1960: 18 Mar., 881 
Hevi-Duty Electric Co. 

1960: 8 Jan., 111; 4 Mar., 677 
Kimble Glass Co. 

1960: 22 Jan., 183; 11 Mar., 689 
LaPine, Arthur S., and Co. 

1960: 18 Mar., 842; 20 May, 1550 
National Appliance Co. 

1959: 13 Nov., 1353 


| New York Air Brake Co., Kinney Vacuum 


Div. 

1960: 19 Feb., 533; 18 Mar., 849; 22 
Apr., 1225; 17 June, 1819; 19 Aug., 483 
New York Laboratory Supply Co., Inc. 

1960: 17 June, 1819 
Philips Electronic, Inc. 

1960: 17 June, 1766, 1767 


| Precision Scientific Co. 


1960: 17 June, 1828; 22 July, 230 





THE SCIENTISTS’ LIGHT BOX 


# 


STANDS UPRIGHT FOR 
DEMONSTRATIONS 


TILTS FOR TABLE TOP USE 


FITS STANDARD DESK DRAWER 
FOR STORAGE OR FOR USE 





INSTRUMENTS for 
RESEARCH and 
INDUSTRY 
CHELTENHAM, PA 
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Smith, Arthur F., Inc. 
1960: 17 June, 1844 
VirTis Co., Inc. 
1959: 23 Oct., 1038 
Welch, W. M., Manufacturing Co. 
1959: 6 Nov., 1267 


VALVES 


Granville-Phillips Co. 

1960: 7 Oct., 970 
New York Air Brake Co., Kinney Vacuum 
Div. 

1960: 19 Feb., 533; 18 Mar., 849: 22 
Apr., 1225; 17 June, 1819; 19 Aug., 483 
Phipps & Bird, Inc. 

1960: 16 Sept., 749; 23 Sept., 814 


VISCOMETERS 


Ferranti Electric, Inc., Electronics Div. 
1960: 18 Mar., 861 
Fish-Schurman Corp. 
1959: 4 Dec., 1608 
Polarad Electronics Corp. 
1960: 19 Feb., 470; 18 Mar., 788; 20 
May, 1475; 22 July, 187 


VOLTAGE CONVERTERS 


Central Scientific Co. 
1960: 15 July, 160 


VOLTAGE TESTERS 


Sorensen & Co. 
1960: 22 Apr., 1223 


WARBURG APPARATUS 


Gilson Medical Electronics 

1959: 11 Dec., 1665 

1960: 10 June, 1746; 8 July, 97 
Will Corp., Bronwill Scientific Div. 

1959: 16 Oct., 989 

1960: 19 Feb., 450; 22 Apr., 1146; 17 
June, 1769; 26 Aug., 507 


WARING BLENDORS 


Waring Products Corp. 

1959: 30 Oct., 1202, 1203 

1960: 8 Apr., 1007; 13 May, 1455; 10 
June, 1743; 23 Sept., 825 


WASHERS, GLASSWARE 


Fisher Scientific Co. 
1959: 16 Oct., 992 


WATER BATHS 


LaPine, Arthur S., and Co. 

1960: 19 Feb., 560; 26 Aug., 556 
National Appliance Co. 

1960: 18 Mar., 850; 9 Sept., 688 


WATER PROCESSING SYSTEMS 


American Sterilizer Co. 
1960: 22 Apr., 1159 


X-RAY EQUIPMENT 


Philips Electronics, Inc. 
1959: 13 Nov., 1284, 1285 
1960: 17 June, 1766, 1767 

Radio Corporation of America . 
1959: 23 Oct., 1018; 4 Dec., 1518 
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de Fonbrune Micromanipulator — Has 


Smooth, Uniform Pneumatic Movement 





Improved de Fonbrune 
Micro-Forge With 
Binocular Body 


Specifically developed 
for use in the fabrica- 
tion of simple and 
intricate micro-tools of 
glass or metal under 
controlled conditions. 
Use of the de Fonbrune 
micro-forge is recom- 
mended with any type 
micromanipulator. The 
forge is now built with 
binocular stereoscopic 
microscope. With this 
modification, the im- 
age is observed erect — 
not inverted — in three 
dimensions, an import- 
ant factor in rapid, 
accurate work. 








DIVISION OF BRUNSWICK CORPORATION 
General Offices: 1831 Olive, St. Louis 3, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 


Affords new simplicity and flexibility 
for micro-studies in biological or 
chemical technics 


The de Fonbrune micromanipulator has 
proved to be of great value in micro- 
studies in many fields. In biology the 
instrument is used in cell dissection and 
isolation . . . micro-injection and operation 
on protozoa . . . pH studies on living cells 
. .. isolation and transfer of single bacteria, 
etc. It has proved equally serviceable in 
study of fibers and yeast cells, in investigat- 
ing oils, rust deposits, colloidal, and other 
materials, 


Manufactured under exclusive license o 
the French patents, the instrument cons 
sists of a manipulator and receiver. Use 
with any microscope . . . arranged for 
right or left hand operation. The micro- 
tool is mounted on the receiver; impulses 
from the manipulator are transmitted to 
the tool through sensitive pneumatic mem- 
branes. Within a range of 3 mm, the micro- 
instrument may be moved in any plane or 
angle by a single control. Ratio of displace- 
ment of control lever and micro-tool may 
be adjusted from 1:50 to 1:2500. 


Write for prices and descriptive bulletin T7174, 



















MINIATURE 
WELL-TYPE 
GAMMA 
SCINTILLATION 
PROBE 


Model MWC-149 





As reliable and con- 
venient as GM count- 
ers, but about 100 
times more efficient 
for gammas, 1” x 1” 
Nal well-type crystal 
holds up to 1.5 cc. 
Cable included. 


ONLY $250.00 


ALL NEW 
Low Cost 


TRAINING AIDS 


for teaching 
tra (:Yelg 
Science 

























WELL 
SCINTILLATION 
SYSTEM..COMPLETE! 


Model WSS-93A 
consists of: 

© MWC-149 Counter 

® Tube Mount 

® Lead Shield 

® Sample Holders 


Quantitatively meas- 
ures small-size sam- | 
ples of gamma emit- © 
ters in solid or liquid e 
form. . 
COMPLETE $350.00 


Also Available: 


Alpha and Beta Scintillation Probes, 
plus a full range of educational kits 
and accessories. 








For more details, ask for Bulletin ED-8S 


ATOMIC 
OCCESSOLIES /NC. 


Subsidiary of Baird-Atomic, Inc. 
811 W. Merrick Rd., Valley Stream, N. Y. 
CUrtiss 5-9300 


Represented Nationally by 
Baird-Atomic Sales Offices in: 


Boston ® New York ® Philadelphia 
Cleveland ® Washington, D.C. 
Atlanta © Chicago ® Detroit 
Dallas ® Los Angeles 
San Francisco 
In Canada: 
Ottawa, Ontario 
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Just Published: Vol. 14 (391 pages) 
ANNUAL REVIEW OF 


MICROBIOLOGY 


Editors: C. E. Clifton, S. Raffel, M. P. Starr 
Editorial Committee: C. E. Clifton, C. A. Evans, 
R. E. Hungate, T. L. Jahn, P. R. Miller, W. W. 
Umbreit 
Contents: 
Variation in Phytopathogenic Fungi 
Microbial Nutrition 
Intramural Spread of Bacteria and Viruses in 
Human Populations 
Protein Synthesis in Microorganisms 
Energy Metabolism in Chemolithotropic Bacteria 
Industrial Fermentations 
Intracellular Symbiosis in Insects 
Nutrition, Metabolism, and Pathogenicity of Mi- 
croorganisms 
Interpretations of Immunodiffusion Tests 
In Vitro Cell-Virus Relationships Resulting in Cell 
Death 
The Genetics and Cytology of Chlomydomonas 
Fine Structure of Virus-Infected Cells 
Enzyme Localization in Bacteria 
Arthropod-Borne Viruses of Man and Other Ani- 
mals 
Synchronous Division of Microorganisms 
Gene Action | 
Immunological Speculations 


$7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


231 GRANT AVENUE, PALO ALTO, CALIFORNIA 


























TESTMATIC 
= 7.4 ByN fed = 


* . 
Excitingly New! 
For fast repetitive weighing the Test- 
matic Balance is a leader in its field. 
The superb performance of this remark- 
able balance was created by the world's 
finest Swiss craftsmen. Check it over 
feature by feature and you will see why. 
e Direct optical readout with 1000 divi- 
sions on the scale. 

e Easy to read scale divisions 2.5 mm 
apart. 

e Scale is in direct line of sight with 
the pan. 

@ The Testmatic is priced surprisingly 

low. 
















MODEL TYPE T-1 T-10 T-100 
Optical Scale in 
rams 





0-1 g. 0-10 9. 0-100 g. 














Write for further Scale Divisions 1-mg 10-mg 100-mg 
ji je Legibility with 
Dealer Inquiries | Yare ag 
invited Weighing Time 8-Sec. 3-5Sec. 2-3 Sec. 

















= =e. STOELTING CO. 


Analytical Balances, Micro-Manipulators, Stereotaxic 
Instruments, Strip Chart Recorders, Polygraphs, 
Research Microscopes, Kymographs 





424 NORTH HOMAN AVENUE, CHICAGO 24, ILL 
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ELECTRONIC COMPACT MAGNETIC 
THERMOMETER STIRRER 
e Rapid, Accurate, Direct e Stir at Any Angle 

Reading e In Open or Closed Ves- 
e Low Cost, Portable, sels 

Thermistor Type e Under Vacuum or Pres- 
e@ Many Ranges from —35 sure 

to +100° C. e With or without Hot- 
e Interchangeable & Spe- plate 

cial Probes 
e Controllers &Recorders 

Available 
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TEFLON TISSUE AUTOMATIC 

HOMOGENIZERS EGG-PUNCH 

e Interchangeable Teflon e For Opening Embryo- 
Pestles nated Eggs 

e Precision Bore Pyrex e@ Open 60 Eggs Per Min- 
Glass Tubes ute : 

e Notched for Quick e Clean 1” Circular Frac- 
Change Chuck ture 

«Complete Apparatus e One Hand Efficient Op- 
Available eration 


Write for individual bulletins 


or complete catalog to Dept. S-10. 


TRI-R INSTRUMENTS 





144-13 JAMAICA AVENUE, JAMAICA 35, N.Y. 
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B-METHYL ASPARTIC ACID 
4-METHYL-DL-TRYPTOPHANE 
6-METHYL-DL-TRYPTOPHANE 
NITRO-L-ARGININE 
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x N-2,4-DINITROPHENYL-L-ALANINE % 
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& GLYCYL-L-HISTIDINE % 

x N-GLYCYL-L-ISOLEUCINE ¥ 

= me GLYCYL-DL-NORLEUCINE % 

sp s GYLCYL-DL-NORVALINE % 
¢ Lifts up to 100 Ibs. $ N-GLYCYL-DL-PHENYLALANINE $ 
; x GLYCYL-L-SERINE 4 

¢ Opens from 3 to 12 inches % a cereneneneeedionn % 
¢ Ideal for complex set-ups 4 N-GLYCYL-D-VALINE 4 
‘ DL-@-HYDROXY-S-METHEL-/\-VALERIC LACTONE $ 

x DL-LEUCINE AMIDE HC1 ¥ 
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% L-LEUCYL-8-NAPHTHYLAMIDE, HC1 ¥ 
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CHEMICAL COMPANY 


3500 DEKALB ST., ST. LOUIS 18, MO., U.S.A. 
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p-NITROPHENYL ALANINE 
DL-PHENYLALANINE AMIDE HC1 
PHTHALOYL-8-ALANINE ¥ 
PHTHALOYL AMINO BUTYRIC ACID ~ 
. PHTHALOYL GLYCINE 4 
% % PHTHALOYL-DL-LEUCINE % 
¢ Lifts up to 10 Ibs. x PHTHALOYL-DL-METHIONINE % 
. % HTHALOYL-L-PHENYLALANINE > 
; ‘ 
¢ Perfect for micro-set-ups x L-SERINE AMIDE HC1 % 
$ DL-TRYPTOPHANE AMIDE HC1 ¥ 
& DL-TRYPTOPHANE METHYL ESTER 2 
¢ L-TYROSINE METHYL ESTER HC1 % 
% L-VALINE, METHYL ESTER, HC1 x 
Two new laboratory jacks x L-VALYL GLYCYL GLYCINE % 
offering precise and effortless x pererserc: .. ts % 
vertical height adjustment of % : ‘ % 
hotplates, heaters, baths and x Many others are in preparation. 8 
glassware provide a real % CALL US COLLECT AT ANY TIME, JUST TO GET ACQUAINTED ¥ 
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x Night, Person to Person, ¥ 
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New York Laboratory Supply Co., Inc. 


78 VARICK STREET NEW YORK 13.N 
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When it Comes to... 


MICROSCOPES 


CONSULT 


Technical Instrument Company 
98 GOLDEN GATE AVE. 


SAN FRANCISCO 2, CALIF. 


You will be pleasantly surprised at their 


prices and by their service. 


Of course, you might ask for a catalog 


first. 








Tanner 











WATER AND AGRICULTURE 


A symposium presented at the AAAS 
Washington Meeting, 
December 1958. Published June 1960. 


Roy D. Hockensmith, Editor 
6 x 9, 206 pp., 21 illus., cloth 
$5.00 AAAS members’ cash orders, $4.50 


Water for the 
Davis, C. B. 
Water sources: 
C. H. M. Van Bavel, and G. L. Barger 


Water planning and use: C. H. Wadleigh, H. C. 
Storey, W. D. Criddle, and W. |. Palmer 


Water control: T. W. Edminster, F. L. Timmons, 
D. L. Klingman, G. E. Harbeck, Jr., and C. B. 


British agents: nso Bros. & Swinfen, Ltd 


American Association for the 
Advancement of Science 


1515 Massachusetts Avenue, NW 
Washington 5, D.C. 





CONTENTS 


future: E. A. Ackerman, C. A. 
Brown, and R. L. Nace 


W. C. Ackermann, H. T. Orville, 


yde House, West Central Street 
London, W.C.1 














PERSONNEL PLACEMENT 

















CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
ne? date of issue (Friday of every 
week). 


DISPLAY: Positions Open. Rotes listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Weekly invoices will be sent on 
a charge basis—provided that satisfactory 
credit is established. 

Single insertion 


$40.00 per inch 
4 times in 1 year 


38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 











(ill POSITIONS WANTED iil 





Married Couple from Argentina, both M.D.’s, 
ages 31 and 28, want a medical position with re- 


search possibilities on neuropsychiatric diseases. 
Experience on medical therapy of oligophrenic 
and in clinical use of psychotogenic drugs (LSD 
and Psylocibine). Write Dr. J. David, Juez Tedin 
3043, Buenos Aires, Argentina. xX 


Microbiologist, Ph.D., experience teaching, hos- 
pital laboratory, research, drug evaluation, tissue 
culture, medical mycology. Desires teaching, re- 
search, and/or product development. Box 
SCIENCE. 





: 








iii! POSITIONS WANTED ill 





Ini] POstT1oNs OPEN jill 





Medical Editor-Writer, extensive pharmaceutical 
and publishing experience and medical edu- 
cation, seeks similar creative work in East. Box 
191, SCIENCE. 10/21 





Physician-Physiologist, strong background labora- 
tory, clinical research, teaching, administration. 
Publications in coronary disease, hypertension, 
cardiovascular dynamics. Desires challenging ~ 
portunity. Box 196, SCIENCE. 


Milt POStTIONS OPEN iil 


Biochemist, Ph.D. Position available for Ph.D. 
biochemist as Division Chief of Toxicology in 
commercial clinical and industrial analytical lab- 
oratory in southern California. Must have had 
some experience in analytical methods for rou- 
tine toxicological laboratory (Pb, As, barbi- 
turates, and so forth). Position involves super- 
vision of technicians for routine tests, some 
contact work with industry, research in method- 
ology (research technician available), and _liai- 
son with other analytical sections of the labora- 
tory. Salary open. Please submit résumé with 
photo, stating salary requirements. Box 193, 
SCIENCE. 10/21 











PSYCHIATRIC INSTITUTE AND HOSPITAL 
—Offers challenging and unusually rewarding P< 
portunities to qualified research scientists. Lab- 
oratories in various phases of activation include 
experimental psychology, neuroanatomy and 
neurohistochemistry, neurophysiology and_ socio- 
environmental studies. Positions available involve 
varying degrees of responsibility in the plan- 
ning, development, coordination, and direction 
of research laboratories and programs. Inquiries 
are invited from individuals with an M.D. or 
Ph.D. degree and research competence in the 
following fields: Human Genetics, Neuropathol- 
ogy, Virology. Write Dr. Edward N. Hinko, Di- 
rector, Cleveland Psychiatric Institute and Hos- 
pital, 1708 Aiken Avenue, Cleveland 9, Ohio. 
10/28; .11/4 





BIOCHEMIST OR BIOPHYSICIST 


Ph.D. Research on the composition, confor- 
mation, heterogeneity, and metabolism of nu- 
cleic acids. Salary: Commensurate with experi- 
ence. Send résumé to Dr. Saul Kit, ead, 
Section of Nucleoprotein Metabolism, The Uni- 
versity of Texas, M.D. Anderson Hospital and 
Tumor Institute, Houston, Texas. 10/21 








PHARMACOLOGIST or .PHYSIOLO- 
GIST, Ph.D. with several years’ experi- 
ence in the investigation of autonomic 
drugs. Must have demonstrated ability 
to do independent research. 


BIOCHEMIST, Ph.D. with proven re- 
search experience in protein chemistry 
and enzymology. 


Excellent working conditions in a new 
pharmaceutical plant, fine benefit program 
with profit sharing. Live near your work 
in the San Fernando Valley. Write John 











Permantier, Personnel Manager. 


Riker Laboratories, Inc. 
Northridge, Calif. 
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I) _ POSITIONS OPEN AANA 
CHEMIST 


Experienced in drug analyses. Able to apply 
modern physical methods. Willing to work at 
bench and assume supervision of others. Long- 
established independent laboratory, central 
Philadelphia. State training and experience. Im- 
mediate opening, starting date may be as late 
as 1 November. Replies confidential until after 
personal interview. 
Box 179, SCIENCE 








SOIL SCIENTIST with experience and training 
in plant ecology or plant nutrition. Training 
and/or experience in soil morphology as re- 
lating to edaphic factors. 


FIELD BIOLOGIST with experience of training 
in radiobiology or radiation biology. 


Ph.D. required for both positions; minimum of 
5 years’ experience; full-time environmental and 
laboratory research in the general area of en- 
vironmental radioactive contamination as _ re- 
lated to above field; interest in and ability to 
conduct pre- and postgraduate training; ability 
to organize and direct field observations and 
studies with up to ten staff members; travel and 
extended periods in the field may be necessary. 
Salary: $7500 to $10,000, depending on experi- 
ence. Citizenship required. 


Application should be sent to Mr. K. H. Larson, 
Chief, Environmental Radiation Division, Labora- 
tory of Nuclear Medicine and Radiation Biology, 
University of California, Los Angeles 24, — 





VIRUS RESEARCH 


M.D. or Ph.D. interested in infectious di 





The Market Place 


BOOKS «+ SERVICES + SUPPLIES * EQUIPMENT 








DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
tablished. 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


$40.00 per inch 
38.00 per inch 
36.00 per inch 
34.00 per inch 
34.00 per inch 
32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














iil PROFESSIONAL SERVICES _ ji 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Anatyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 * Madison 1, Wis. 





















basic studies on mechanisms of infection and on 
etiology, pathogenesis and epidemiology of virus 
diseases of infancy and childhood. Excellent fa- 
cilities. Salary $6000 per annum. Address 


Box 195, SCIENCE 


Lil] FELLOW sects _ ill 


The Department of Pharmacology, University of 
Buffalo School of Medicine, Buffalo 14, N.Y., of- 
fers a 4-year program of course work and re- 
search training leading to the Ph.D. degree. Re- 
search opportunities include the action of drugs 
on the kidney, the heart and circulation, the 
autonomic ganglia, and skeletal muscle. Annual 
stipends of $1800 to $2200 plus full tuition, plus 
$500 for each dependent. Applications now being 
considered for entrance February or September 
1961, Detailed information supplied on —_— 














TACONIC 
ARMS 


F, 
GERMANTOWN NEW YORK 














NEW ZEALAND SENIOR RESEARCH FEL- 
LOWSHIPS. Applications are invited for Senior 
Research Fellowships to taken up in New 
Zealand in 1961. Applicants should possess a 
Ph.D. degree, or an equivalent qualification, or 
while not having such qualification have a dis- 
tinguished record of scientific research. There is 
no age limit and no restriction regarding nation- 
ality, but successful applicants must meet New 
Zealand immigration requirements. A good work- 
ing knowledge of English is required. 


The fellowships will be awarded for research 
at any of the branches of the New Zealand 
Department of Scientific and Industrial Research. 
They will be tenable for periods of between 6 
months and 1 year initially, but may be extended 
to a total period of 2 years. The value of each 
fellowship will range between 1400 and £ 1900 
a year, with an additional £250 a year for a 
married man. These amounts are taxable. (£NZ1 
equals approximately $2.80.) A grant for return 
fares by surface transport to New Zealand at 
tourist rates is payable to each fellow, and an 
allowance of two-thirds of this grant may be paid 
where a fellow is accompanied by his wife. While 
in New Zealand reasonable traveling expenses in- 
curred in connection with the fellow’s research 
work will be paid. 


Application forms and further particulars are 
obtainable from: 


1) New Zealand Scientific 
B.C.S.0., Africa House, 
WC England 


2) New Zealand Scientific Liaison Office, P.O. 
ren 680, Benjamin Franklin Station, Washing- 
on, 


3) Department of Scientific and Industrial Re- 
search, P.O. Box 8018, Wellington, New Zealand 


Applications should reach New Zealand by 1 
February 1961. : x 


Liaison 


Office, 
Kingsway, 


London 
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GRA LAB INTERVAL TIMER Automatic 
signalling and switching over unusually wide 
range of 3600 possible settings. 

GRA LAB MICRO TIMER 1/10 sec. or 1/1000 
min. stop clock. Remote start stop control. 


Write for catalog. 
DIMCO-GRAY COMPANY 
DAYTON 2, OHIO 


214 E. SIXTH ST., 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 
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CHARLES RIVER CD- 
Hypophysectomies 
THE ‘CHARLES RIVER MOUSE FARMS 
Affiliate, The Charles River Breeding Labs 

1018 Beacon St., Brookline 46, Mass. RE 4-2000 


YOU NEED THIS FREE 


CATALOG FOR YOUR FILES Az J, 
Serums, antiserums and bloods “s 
of all kinds for technicians and tissue J 
culture laboratories. No salesman will call. 
COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


ANIMAL CAGES 


BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS 
FROM STOCK 
HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 

SERVICE SINCE 1856 







































Rats from the Wistar Strain 


Laboratory Animals 


| 
= 
= 
since 1929 = 
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ALBINO FARMS, P.O. BOX 331 
RED BANK, NEW JERSEY 


Swiss Mice — Albino Rabbits 











—Guinea Pigs— 









"From the hand of the veterinarian 


to research”® 


CHARLES RIVER CD 
(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 
(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 





iil BOOKS AND MAGAZINES iii 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, 








Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service, N. Y. 3, N. Y. 








21 OCTOBER 1960 
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Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 
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UNITRON’'S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and pide COMPANY eMithosey ss. 
mechanical design ... unique and convenient EDHAM ST. Newroy HIGHLA tees, 
operational features . . . budget prices .. . 
free trial period — these, together with 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 


ES Diy 


HLANDS 6), Mas 


—~ Bi 








In the Laboratory -.. where optical quality counts 


... the trend is to UNITRON Microscopes 


yeu. Fa 
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BINOCULAR 
PHASE CONTRAST 
BMPE $490 


POLARIZING 
MICROSCOPE 
MPS $269 


FREE 


AY TRIAL 


ON JANY 


BINOCULAR UNION. 


AUTO-ILLUMINATION 
BMLU $425 





Photomicrography Gradvated 
Set 


ACA $39.95 


4° > LABORATORY 
MICROSCOPE 
MLK $198 


UNITRON offers an extensive line of Laboratory Micro- 
scopes & Accessories for Research, Industry and Education. 
Illustrated is a partial selection for biology, medicine, 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries. 

iS (oh C-Xo come) hice] Me lUlol ip MmmMo (oh Zelalet-te Me) elite] Relate Mut-toulelae 
Walke [UL-Mrelare MexolahZ-1al (1a) Mme) oL-ineh ilelate] Mi-tonitc-t3 
rohinelolihZ-MM olUlofel-) mm olalet-1) 


Tote] ire (-Si fe | 
. .. long wearing construction... 
. these, together with years of 
proven instrument performance, are the reasons why .. . 


THE TREND IS TO UNITRON! 


which include basic optics. . 
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Stage 
GR $31.50 — 





Polaroid Land Camera 
Attachment 
$115 


STUDENT AUTO-ILLUMINATION 
MICROSCOPE 


MSA : 
BS, 


STEREOSCOPIC 
MICROSCOPE 
MSHL $267 
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UNITRON 


INSTRUMENT COMPANY * MICROSCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


Please rush UNITRON'’s Microscope Catalog 4-H-3 


Name 

Company 

ee aE Eee 
City. 





NOW! Snap it... See it... 


IN BIG POLAROID LAND 4” x 5” PRINTS 


ey : os 
yr 


AO Spencer Photomicrographs 
».. just 60 seconds from snap to finish 


Now your AO Photomicrographic Camera can be 
equipped with the new Polaroid Land Film Holder to 
give you big 4”x5” finished, glossy prints ... ready for 
your files ...in just 60 seconds. A coupled visual and 
photographic system allows you to shoot exactly what 
you see... instantly and effortlessly. Processing of the 
picture takes place right in Polaroid’s 4”x5” Holder, 
thus possible errors in exposure, illumination or focus 
can be rectified immediately. 

If you prefer, you have a wide choice of 5 other 
readily interchangeable camera backs; the Polaroid 
Land Camera Back for roll film, paper prints and trans- 
parencies, 4” x 5” fixed back, 4”x 5” Graflok back, 
35mm back and Bantam (roll film) back. You choose 
the camera back and film best suited to your specific 
requirements. 


This new “Big-Size” 4” x 5” Polaroid Film Holder 
is available from your industrial photographic supplier, 

Here, the No. 682G Camera being used with the 
AO Spencer Series 4 Microstar proves an ideal combi- 
nation. The built-in base illuminator provides conven- 
ient Koehler-type illumination. You select specimen 
area and do all preliminary focusing through binocular 
portion of trinocular body... focus critically with the 
telescopic eyepiece. 

The sturdy vertical pillar, the easily adjustable camera 
support, the camera back and the Microstar all combine 
to provide a compact unit in precise, rigid alignment, 
Successful photomicrography becomes a “snap”. 

Try it and see for yourself. Your AO Representative 
will be happy to arrange a convincing demonstration 


--— EE S,?7 

Dept. K-3 

O Please send me Brochure SB682 degcribing the entire line 
of AO Spencer Photomicrographic Cameras. 


0 Please send me Brochure SB124 describing the new Micro- 
star line. 


American. Optical 


Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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